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STEM CELL AGOREGATE SUSPENSION COMPOSITIONS AND METHODS
FOR DIFFERENTIATION THEREGF

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

S 0001} Part of the work performed during development of this mvention utilized U.S.
Government funds from National Institutes of Health Grant No. § R24 RRO21313-05.

The U5, Government has certam rights in this mmvention.
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

18 [0001] The present invention refates to suspension cell apgregate compostiions that

aggregate suspensions.

BACKGROUND OF THE INVENTION

[0002] To date, there is no efficient svstem providing for a large-scale manufaciuning
15 process {Uscale-up”) for eubarvotic mammabian cells, in parBicular, mammalian
phurtpotent cells such as human embrvonic stemn hES) cells. To mamntam hES cells in
an undifferentiated state i viro, the BES cells are typically maimtained on mouse
embrvonic fibroblagt (MEF) feeders and passaged by manual mechanical dissociation
{e.g.. micro-dissection} and transfernng mndividual colontes. These maethods are
20 sufficient for research studies that do not require large-scale production of
undifferentiated hES cells or differentiated hES cells, gene targeting, drug discovery,
i vitro toxicology, future climcal applications reguire mmproved methods for the

stable large-scale expansion of hES cells, including envymatic passagmg.

[0003] Enzyvmatic expansion of hES cells can be performed but these methods have
25 echmical disadvantages because hES cells depend on cell-cell interactions ag well ag
parg- and asutocrme signals for survival,  Hence, hES cells prefer this celivlar

microenvironment as compared to existing as single cells.  Also, there are reports that
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enzymatic dissociation of hES cells may lead to abnormal karvotvpes and result in
genetic and epigenciic changes.  Thus, providing a highly supporiive culture
enviromment while at the same time allowing for robust large-scale expansion {i.e. a
manufacturing process) of undifferentiated hES or differentiated hES cells without
5 compromising the pleripotency, mwillipotency or genetic stability over extended

culture periods is essential.

[0004] Human plunpotent cells offer unique opporturuties for mvestigating early
stages of human development as well as for thergpeutic intervention in several disease
states, such as diabetes melhitus and Parkinson’s disease. For example, the use of
1 msulin-producing fi-cells dertved from human embryonic stem cells (hESCs) would
offer a vast improvement over current cell therapy procedures that utihize cells from
donor pancreases.  Currently cell therapv treatments for disbetes mellitus, which
utthize cells from donor pancreases, are hmited by the scarcity of high quality slet
cells neaded for transplant. Cell therapy for a single Tvpe | diabetic patient requires a
15 transplant of approximately 8 x 10° pancreatic islet cells (Shapiro ef al.. 2000, N Engl
F Med 343:230-238; Shapiro & af, 20018, Best Pract Res Clin Endocringt Metab
15:241-264; Shapwro et g, 2001, Bntish Medical Journal 322:861).  As such, at least
two healthy donor organs are required to obtain sufficient slet cells for g successful

fransplant.

20 j0005] Embrvome stem (ES) cells thus represent a powerful model system for the
mvestigation of mechanisms underlving plunipolent cell biology and differentiation
within the early embrvo, as well as providing opportunities for genetic manipulation
of mammals and resultant commercial, medical and agricultural applications.

Furthermore, appropriate proliferation and differentiation of ES cells can potennally

J
(¥4

be used 10 generate an walimiied source of cells suited to transplantation for reatment
of diseases that result from cell damage or dvsfunction. Other pluripotent cells and
cell lines including early primitive ectodermy-like (EPLY cells as described in
International Patent Application WO 99/53021, in vive or in vitto derved
FOMYepiblast, i vivo or in vitro derived prismtive ectoderm, primordial germ cells
30 (EG cells), teratocarcinoma cells (EC cells), and ploripotert cells derived by

dedsfferentiation or by nuclear transter will share some or ali of these properiies and

s
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apphications.  International Patent Application WO 27/32033 and U.S. Patent No.
S.453,357 describe plunipotent cells incloding cells from species other than rodents.
Human ES cells have been desenbed i International Patent Apphcation WO
(27995 and in U.S. Patent No. 6,200 806, and human EG cells have been described

5 inInternational Patent Application WO 98/43679.

f0006] The biochemical mechanisms  regulating ES  call  plasipotency  and
differentiation are very pootly understood  However. the honted empirical data
available (and much anecdotal evidence) suggests that the continued maintenance of
plutipotent ES cells under i vitre culture conditions is dependent upon the presence

10 of evtokines and growth factors prasent in the extracellular miliew

[0007] While human ESCs offer a source of siarting matenal from which to develop
substantial quantities of high quality differentiated cells for human cell therapies,
these cells must be obtained and/or cultured in conditons that are compatible with the

expected repulatory gwdelines governing climcal safety and efficacy.  Such

¥4

cuidelines likely oill require the wuse of a chemucally defined media.  The
development of such chemically defined/GMP standard condittons 18 necessary (o
facilitate the use of hESCs and cells derived from hESCs for therapeutic purposes in

humans.

[0008] 1n additon, the eventual application of hESC based cell replacement therapies
20 will require the development of methods that enable large scale colture and
differentiation conditions that are compliant with regulatory guidelines.  While
several groups have reported simplified growth conditions for hESCs, there are
substantial nutations with these studiss. To dale, howevaer, the successful isolation,
long-term clonal maintenance, genetic manipulation and germ line transnission of

25 plunpotent cells has generally been difficult.

0009 Most of the cell culture conditions for stem cells still contain serum replacer
(KSR} in the media (Xu et al., 2005 Stem Cells, 23:315-323; Xu et al., 2005 Nalure
Methods, 2:185-189. Bealtie et al., 2003 Stem Cells, 23:489-495; Ayt et al., 2004
Biol. Reprod.. 70:837-845; James el al.. 2005 Development, 132:1279-1282). KSR
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contains a crude fraction of bovine serum albumun {BSA) rather than a highly punlied
source. Others have only performed short-{erm studies, and therefore it 18 not clear if
their conditions would enable the maintenance of plurnipotency over extended periods
{Sato et al, (2004) Natore Med,, 18:55-63; US. Patent Publication Nos.

2006/0030042 and 20050233446},

Others have shown long-term maintenance of
plunipotency 1 a chenucally defined wedia with FGF2, activin A, and insulin, but the
cells were grown on plates that were coated with human serum, which was “washed
off” before plating of cells (Vallier et al., 2005 J Cell Sci.. 1I8(Pt 193:4493-300),
While FGF2 has been a component of all these media, it is not clear if it is an absolute
necessity: particolarly as in some formalations i I8 necessary to use il al a hugh

concentration {up to 100 ng/mL. Xu et al., 2005 Nature Methods, 2:183-189).

{0010] Furthermore, all of these groups have either mchuded msulin in their media at
up/mL levels, or have msulin present due 10 the use of KSR, Insulin is tvpically
considered lo function in glucose metabohism and “cell survival” signaling via
binding to the msulin receplor. At levels above phvsiological concentrations,
however, insulin can also bind to the IGF1 receptor with a lower efficiency and confer
classical growth factor activity through the PI3 Kinase/ ART pathway.  The
presence/recuusement for such high levels of wsudin (ug/ml fevels) i KSR or these
other media conditions suggests that the major activity 1¢ ehicited viy binding to the
HGF1 receptor, which is expressed by hESCs (Sperger et al. 2003 PNAS,
F00€23):13350-13353).  Others have noted the expression of a full complement of
IGFIR and intracellular signaling pathway members in hESCs. whach is hikely (o
stgnify the functional activity of this pathway (Miura et al., 2004 Aging Cell, 3:333-
343y Insulin or IGFI mav elicil a major signal required for the self~renswal of
hESCs, as is suggested by the fact that all conditions developed thus far for the cultwe
of hESC conlain eitber insulin, insulin provided by KSR, or IGF1 provided by serum.
It support of this concept, it has been shown that if PI3 Kinase is intubited in hESC
cultures, the cells differentiate (I Amour ot g, 2005 Nat. Biotechnol,, 23(12)1534-

41; McLean et al., 2007 Stem Cells 23:29-38).

{0011} A recent publication outlines a humanized, defined media for hESCs (Ladwig

et al., Nature Biotechnology, published online Jameary 1. 2006, doi: 10 1038mbt1177).

PCT/US2008/082356
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This recenl fornudation, however, includes several factors that are suggested to
miluence the proliferation of hESCs, wncluding FGF2, TGFR, LICl, y-ammobutyric
acid and pipecolic acid. |t is noted that this recently defined cell culture medium also

contains msulin.

{0012] The EGF growth factor famuly has at least 14 members, including, bul pot
hmited to, BGE, TGEFP. heparin binding-EGEY (hb-EGF), neuregulin-f {also named
heregulin (HRG-f), ghial growth factor and others), HRG-«, amphivegohn,
betacellulin, and epiregulin. Al these growth factors contan an EGF domain and are
tvpteally  first expressed as  transmembrane protemny that are processed by
metalloprotemnase (specifically, ADAM} profeins {0 generate soluble ectodomain
growth factors. EGF family wembers interact with either homo-~ or hetero-dimers of
the ErbBl, 2, 3 and 4 cell surface receptors with different affinities (Jones et gl |
FEBS Lett, 1999, 447:227-2313. EGF, TGFo and hbEGF bind ErbBU1 (EGFR}
homodimers and ExbB172 heterodimers at high affimity (1-100 nM range), whereas
HRG-H binds ErbB3 and ErbB4 at very high affinity (<1 nM range). Activated FrbB
receptors signal through the P13 Kinase/AKT pathway and also the MAPK pathway.

ExbB2 and EfbB3 are amongst the most hughly expressed growth factor receptors in
hESCs (Sperger et al, 2003 PNAS, K233 1335¢-133535) and HRG-§ has been
shown previously to support the expansion of mouse primordial germ celis (Tovoda-
Ohno et al, 1999 Dev. Biol, 215(23399-406). Furthermore, over expression and
subsequent mappropniate activation of ErbB2 1s associated with tumorigenesis (Neve
et al.. 2001 Ann. Oncol.. 12 Suppl 1.589-13; Zhou & Hung, 2003 Senun. Oneol.. 3003
Suppl 16):38-48; Yarden, 2001 Oncology. 61 Suppl 2:1-13)  Human ErbB2
{(Chromosome 17g), and ErbB3 {Chromosome 12q¢) are present on chromosomes that
have been observed Lo accumulate as trisonues in some hESCs (Draper et al.. 2004
Nat. Biotechnol,, 220115334, Cowan et al,, 2004 N Engl. J. Med., 330(13)1333-¢;
Brimble et al., 2004 Stem Cells Dev., 13(6)383-97; Maitra et gl., 20035 Nat. Genal,
37¢1011099-103; Mitahpova et al, 2003 Nat. Biotechnol. 23(1); 19-20; Draper et al |
2004 Stem Cells Dev., 13(4)325-36; Ludwig et al., Nature Biotechnology, published
online January 1, 2006, dot: 10.1038/nbi1 177,

LA
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[0013] ErbB2 and ErbB3 (Brown ef al., 2004 Biol. Reprod., 71:2003-2011; Salas-
Vidal & Lomeli, 2004, Dev Biol., 265:75-89) are expressed in the mouse blastocyst,
although not specifically restricted to the inner call mass (ICM). and ErbB1, EGF and
TGFH are expressed in the human blastocyst (Chuz et al, 1995 Development,
122142¥:299-307). HB-EGF has proliferative effects in human IVF blastocyst culture
(Martin et al., 1998 Hum. Reprod., 13(6):1643-32; Sargent et al., 1998 Hum. Reprod.
13 Suppl 4:239-48), and modest additionat effects on mouse ES cells grown in 15%
serum (Heo et al., 2003, Am. 1. Phy. Cell Physiol, in press). Pre- and early post-
implantation development does not appear o be affected w ErbB2-/- ErbB3-/
Neureguhni~/ (Britsch et al., 1998 Genes Dev., 12:1825-36), ADAMI17-/ (Peschon,
et al. 1998 Science, 282 1281-1284) and ADAMI®-/- (Horiuchi, 2005 Dey. Biol.,
283(234539-71) null embrvos. Therefore, the importance of signaling through the

ErbB receptor family i hESCs is. up to now, wclear,

[0014] Neuregalin-} (NRG1)y 15 a large gene thal exhibits multiple splicing and
prolein processing vanants. This generates a large mumber of protein wsoforms, which
are referred 1o herein collectively as peuregulin.  Newregulin 15 predominantly
expressed as a cell surface transmembrane protein. The extracelludar region contams
an immunogtobulin-hike domain, a carbohvdrate modified region and the EGF
domain. NRGI expression isoforms have been reviewed previously (Falls, 2003 Exp.
Cell Res., 284:14-30). The cell membrane metalloproteases ADAMI7 and ADAMIY
have been shown {o process the ransmembrane formys) of neuregulim-1 1o soluble
neuregulin‘heregohin, . HRG-a and - are the cdleaved ectodomaing of neureguhin,
containing the EGF and other domains.  Ag the EGF doman is responsible for
binding and activation of the ErbB receplors, a recombinant molecule containing only
this domam can exhibit essentially all of the soluble growth factor effects of thix
protein (Jones et al, 1999 FEBS Leit, 447.227-231).  Also, there are processed
transmembrane soforms of nenregulin that are thought {o tngger justacnine signaling

in adjacent cells vig interaction of the EGF domain with ErbB receplors.

[0015] Sull, an important development m the progression of hESC research toward
mainiaining pluripotency in culture wilt be the elucidation of media and cell calture

conditions that are compatible with the expected regulatory gwidelines governing

6
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clinical safety and efficacy. While the best outcome would be the availability of
chemucally defined media for hESCs, components that are not chemycally defined
would be acceplable if thev were produced to GMP standard.  There is a need,
therefore, to identify methods and compositions for the culture and stabilization of a
5 population of phumpotent stem cells that ave able to be used for therapeutic purposes,

wherein the culture compositions are defined and/or produced to GMP standard.

SUMMARY OF THE INVENTION

{0016} The invention relates to compositions comprising a basal salt nutrient solution

and an ErbB3 hgand, with the compositions being essentially free of serum.

16 0017 The invention also relates to compositions compnising a basal salt nutnent
solution and a means for stimulating ErbB2-directed tvrosine kinase activity

differentiable cells.

[0018] The invention relates Lo methods of cultwring differentiable cells, with the

methods comprising plating the dilferentiable cells on a cell culture surface. providing

-
v

a basal salt nutrient solution to the differentiable cells and providing a ligand that

specifically binds ErbB3.

[0019] The mvention relates to methods of cultunng differentiable cells, with the
methods comprising plating the differentiable cells on a cell culture surface and
providing a basal salt nutrient solution to the differentiable cells and a means for

20 stimulating ExbB2-divected tyrosine kinase activity 1n the ditferentiable cells,

[0020] The invention also relates to methods of cultening differenniable cells, with the
methods comprising providing a digest sohuiion to a faver of differentiable cells that
are contained in a culture chamber prior to digestion, where the digestion breaks apart

the laver of cells into single cells.  Afler digestion, the single cells ave placed into a

i3
78

new tissue cultiwe chamber wath a differentiable cell cultwre solution, wheremn the
differentiable celt culture solution comprises a basal salt nutrient solution and an
ErbB3 ficand. Once culfured. the single differentiable cells are placed in conditions

that pernut growth and division of the single cells.
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[0021] The invention relates to wethods for generating a hES cell aggregate in
suspension from a plunpotent hES adherent culture, by culturing a hES cel in an
adbherent growth culture condition which allows for expansion in an undifferentiated
state; disassociating the adberent BES cell culiure into a sigle cell suspension culture;
contacting the single cell suspension culture yith a fisst differentiating calture
condition which allows for formation of hES-denived cell aggregales in suspension by
agitating the single cell suspension culture until such a peried of time when the single
cell suspension culture forms a hES-denived cell aggregate in suspension, and thereby
generating a hES-derived cell aggregate m suspension.  In prefemred embodiments,
agitation of the single cell suspension culture is performed by rolation at about 80 rpm

10 160 rpm

{0022] The invention also relates to methods for generating a hES-derived cell
aggregate in suspension from a hES-denved single cell suspension, by culturing a
hES cell in an adherent growth cullure condition which allows for expansion mn an
undifferentiated  stale; contacting  the undifferemtiated hES cell with a first
differentiating culiuring condition suitable for differemtisting the hES cell and
vesulling in an adherent hES-denived cell; disassociating the adherent hES-derived cell
mto a smgle cell suspension culture; contacting the single cell sespension culfure with
a second dilferentiating culture condition which altows for formation of hES-derived
cell aggregates m suspension by agitating the single cell suspension culture unil such
a period of time when lhe single cell suspension calture forms a hES-derived cell

gregate in suspension, and thereby generating a hES-denved cell ageregate in

J30
d‘.:,;:.

suspension. In preferred embodiments, agitation of the single cell suspension culture

is performed by rotation at about 80 rpmito 160 rpm.

[0023] The invention also relates to methods for ennching or varving the conposttion
of the resulting call culture anddor popalation of an hES-denived cell aggregaie
suspension by optimizing the cell density of the pluripotent cell cultures or varving
the concentration of vartous growth factors, for example. FGF 10, EGF, KGF, noggin

and retinoic acid, apoptotic inhibitors, Rho-kinase inhibtlors and the like.

PCT/US2008/082356
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BRIEF DESCRIPTION OF THE DPRAWINGS

[0024] FIGURE 1 depicts real time RT-PCR expression analysis of ADAMIY,
Neureguhni, and ErbB1-3 in BGOly grown in defined condivions {8 ngiml. FGFI,
100 ng'mL LRAIGFL, 1 ng/mb Activin A). GAPDH and OCT4 control reactions are

mndicated.

{0025] FIGURE 2 depicts the intubition of prohiferation of BGO1y cells using AGETY.
BGOTv cells were plated in 6-well frayvs and exposed to DMSO (A), 30 nM-20 uM
AGHTS (B). or 100 mM-20 M AGE79 (C) 24 hours after plating. After § days in
culture, the cultures were fixed and stained for alkaline phosphatase activity. AG1478
did not appear to affect proliferation at these concentrafions {26 uM shown in B), but
AGS79 substantially slowed cell growth at 5 gM {C).

[0026] FIGURE 3 depicis the morphology of BGOy cells cultuwred in DC-HAIF,
which is defined culture media containing 10 ng/ml. HRG-f, 10 ng/ml. Activin A,
200 ng/mbL LR-AGF! and 8 ng/ml. FGF2 (A and B), and n defined colture media
{(DC) containing 10 ng/ml, HRG-B, 19 ng/mE Activin A, and 200 ng/ml. LR-IGF1 (C
and D).

10027] FIGURE 4 depicts the expression of ADAMIY, Neuregelinl, and ErbB -4 by
RT~-FCR i mouse ES calls (A) and MEFs (B).

00281 FIGURE 5 depicts the inhibition of ErbB1 and ErbB2 signaling i mouse ES
cells, 2x10° Mouse R1 ES cells were plated on 11000 MATRIGELY™ m 10% FBS,
10% KSR with 1000 UMmik. mouse LIF (ESGRO). The [ollowing day, DMSO (carrier
controt}, 1-30 uM AGH4TY, or 1-50 uM AGS79 was added yith fresh mediom. The
culttures were fixed on day 8, and stamed lor alkaline phosphatase activity. DMSO
{A) and 1-50 uM AGI478 (B and C) did not overtly inhubit proliferation. AGR79
substantially inthibited cell growth at 30 uM (compare D and F) and may have slowed

proliferation at 20 pM (E).

[0629] FIGURE 6 depicis the inhibition of proliferation of BGO2 cells grown in
condittoned media (CM). (A) 50 M AGS25 mbibited probiferation of BGO2 hESCs

PCT/US2008/082356
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growing in CM. (B} AGB23 mhibits ErbB2 Y1248 phosphorvlation in hESCs. (O)
Colony counting of sertal passaging of CyT49 hESCs i different combinations of
growth factors. (D) Cell counting analysis of the role of IGFT and HRG i hESC
proliferation using BGO2 cells (left). (E) OCTHDAPY immunostaining of a duplicate
repeated expenment demonstrated that IGF1 and HRG significantly increased the
propostion of QCT4" cells compared (0 ActAFGEF2 conditions. (F) RTK blotting
analysis of BGO1 DC-HATF ESCs starved of growth factors overnight: starved. then
pulsed with DC-HAIF for 13 nunutes; or steadv-state cultures are shown (lefi}. The

mean and range of normalized relative intensity s plotted (right}.

[0030] FIGURE 7 depicts mouse ES cells grown in defined conditions with different
growth factor combinations. (A) shows the scoring of AP cotonies alter 25107 cells
were grown m different growth factor combinations for 8 davs. (B-G) show 4x

magnification images of AP colonies grown in different growth factor combinations.

{0031] FIGURE 8§ depicts the characterization of human ES cells that are maintained
in DC-HAIF medium.  {A) Analvsis of teratomas from BGO2 DC-HAIF p25 cells
demonstrated ploripotent differentiation potential to ectoderm. mesoderm and
endoderm.  (B) Inununostaining of BGO2 cells cultured i 15% FCS/5% KSR that
have differentiated. (C) Venn diagram of the distnibuiion of transcripts detected using
high density Hlumina Sentrix Human-6 Expression Beadchips containing 47,296
franscript probes in BGO2 cells mantained in OM {64 passages) or DC-HAIF (10 or
32 passages in defined media). {1 Scatterplot analysis demonstrating that the
franscriptionat profile of BGO2 DC-HALF 32 celly is highly similar 1o that of BGO2
cells mamtained 1 CM (top). and was not substantially altered in early and late
passage cultures i DC-HAIF (bottom). (E) Hierarchical clustening dendrogram of
relative gene expression in different populations generated using the Beadstudio

software.

[0032] FIGURE 9 depicts the morphology of cells cultured on humamzed
extracellalar matrices (ECMs) in the presence of DC-HAIF mediom. {A) CvT49 cells

{diluted 1:200) growing on growth factor-reduced MATRIGEL™ (diluted 1:200).

IRy

PCT/US2008/082356
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Cy T4 cells coudd also grow on tissue culture dishes coated with (B} whole human
serum, {C) buman fibronectin, and (D} VITROGRO™

[0633] FIGURE 10 depicls the single-cell passaging of human ES cells. (A-D)

Staged imaging of BGO2 cells afler passaging with ACCUTASE™ and plating about

7

5x10° cells in a 60 mm cufture dish. A) 1.5 howrs after mitial plating, showing viable
cells adhermg to the dish. (BY At 28 hours post-plating, the large majority of cells
have aggregated to form small colonies. These colomies expand by proliferation by
dav 4, post-plating (€). and over the course of 5-6 davs to form an epithelial-like

nonolaver covering the entire dish (D). (E) Normal male karvotype demonstrated in
10 & BGO2 culture passaged 19 times with ACCUTASE™ i DC-HAIF.

[10034] FIGURE 11 depicts cell morphology after single cell passaging of human ES
cells using (AY ACCUTASE®L (B) 9.25% TrvpsidEDTA, () TrypLE, or {D)

Versene.

{0035] FIGURE 12 depicts the large-scale growth of human ES cells cultured in DC-
HAIF, (A) Flow cvtomelric analysis of BGO2 cells after expansion to >10" cells.
=85% of celle expressed OCT4, CDY, SSEA, TRA-1-81. (B) RT-PCR analvsis of
expression of markers of phaipotency OCT4, NANOG. REXI, SOX2, UTFL
CRIPTO, FOXD3, TERT and DPPAS.  Markers of differentiated lineages, o~

-
v

fetoprotein (AFP), MSX1 and HANDI were not detected. () Fluorescence ia sifu
20 hvbridizaion (FISH) using human chromosome-specific repeats demonstrated

maintenance of nermal copy numbers for hChr 12, 17, X and Y.

[0036] FIGURE {3 depicts the morphology (A} and normal karvotype (B) of hESC
BGH2 calls grown in defined madia comprising HRG-§ and IGF1, but in the absence

of FGF2 for 7 passages, or >2 months.

2% J0037] FIGURE 14 depicts a scatter plot analvsis of transeripts from hESCs (BGO2)
that are maintained in DC-HAIF (32 passages) or DC-HAIL (10 passages) A large
proportion of the expressed transcripis were detected in both samples, and
franscription was not substarttially altered by colturing hESCs in the absence of

exogenous FGF2,  Correlation coefficients {R™) were generated using all detected

11
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franscripts with an expression level of >0 {(all dots), or with transcripts exhibiting a
detection confidence level of =0.99 (R7 select, dots indicated by dashed oval). Angled

{ines delineate the mean and limits of a 2-old difference.

{038] FIGURE 15 depicts a hierarchical clustering dendrogram of relative gene

7

expression in different populations of early and late passage BGOZ cells maintained in
DC-HAIF. Cells clustered nightly (~0.0073) and retained a close simularity to BGO2
and BGO3 cells maintained i conditioned mediwm {CM) (-0.037).  BGO2 cells
maintained in DC-HAD also clustered tighily with the other hESC populations
examined. By wayv of explanation in FIGURE 15, CM s Condittoned Mediam; DC s
10 defined culture medium, DC-HAIF as defined above; ap is ACCUTASE™ single celt

passaging; DC-HAT is wdentical to DC-HATF as defined herein, except without FGF2.

{0039 FIGURE 16 depicis the morphology and alkaline phosphatase staining of
BGO2 eells cultured in DC-HAIF in 96-well and 384-well plates. (A) Phase contrast

imaging and (B3) atkaline phosphatase staining of BGO2 cells (10* cellsiwell) growing

¥4

i one well of a 9%-well plate. (C) Phase contrast imagmg and (D} alkaline
phosphatase staining of BGO2 cells (10° cells/wall) growing in one well of a 384-well

plate.

j0040] FIGURE 17 depicts dark field mmages of BGO2 grown i DC-HAIF in
suspension culture. Day 2 and day 6 cultures are shown. The images were caplurad

20 using 4x magnification

{0041 FIGLURE 18 depicts the growth rates in adherent and suspension cultures in
DC-HAIF.  1x10% BGO2 cells were plated into parallel wells in adherent and

suspension culture and cell counts were performed on days 1-6.

{0042] FIGURE {9 depicts gPCR analysis of suspension and adherent hESCs, BGO2

td
[,

cells growing in suspension (8. hESCs) and adherent (hESCs) cualture exhibited
comparable levels of OCT4, and lacked SOXI7 expression.  Adherent cells
differentiated to definitive endodermy (DE), and suspension hESCs differentiated to
definitive endoderm in suspension (S. DE d3), both exhibited the expecied markad

down regulation of OCTH and up regulation of SOX17 expression
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[0043] FIGURE 20 depicts the enhancement of hESC aggrepation in the presence of
Y27632 in suspension culture. 2x10° BGO2 cells were seeded in 3 mL DC-HAIF or
DC-HAIF + Y27632. in 6-well trays. in an incubator on a rotating platform at 100

rpan. Tmages of aggregates were captured on days 1 and 3.

7

[0044] FIGURE 21 depicts RT-PCR analvsis of suspension aggregates i the
presence of Y27632. RT-PCR was performed on the expanded cultures o assess
expression of markers of pluripotency. Expression of QCT4, NANOG, REX1, SOX2.
UTFL, CRIPTO, FOXD3, TERT AND DPPAS was detected, whereas markers of
differentiated hineages AFP, MEX1 and HANDI were not detected.

10 [0045] FIGURES 22 A-N are bar charts showing the expression patterns of marker
genes OCTH (panel A), BRACH {panel B), SOX17 (panel C}, FOXAZ2 or HNF3beta
(panel D), HNFlibeta (panel Ey, PDX1 (panel FY NKX6. 1 (panel G), NKX2.2 (panel
H), INS (panel ). GCG {(panel 1), SST {panel K), SOX7 (panel L). ZICT {panel M),
AFP {panel W}, HNF4A {panel O) and PTFLA (panel P}, which is not an exhaustive

¥4

hist but markers which can be used to identify pluripolent human embrvonic stem
(hES} cells (stage(. d0), defimtive endoderm cells (stagel; d2). PDXl-negative
foregut endoderm cells (stage2; d3), PDX{-postiive endoderm cells (stage3, d8).
pancreatic endoderm cells (staged. dil), pancreatic endocrine precursors andfor

hormone secreling cells {stage3; d13)

20 J0046] FIGURE 23 is a graph showing the range of the diamelers of the cell
apgregates m suspension (microns) it relationship to the total volume {(ml) of media

in the cullure.

[0047] FIGURES 24 A-D are bar charts showing the expression patterns of marker
gengs PDXT (panet A)Y NKX6.1 {panal B), NGN3 (panel C} and NKX2.2 {panal D) in

ra
h

hES-derived cells in relationship {o the cell density of the hES cell cultures [rom

which they were derived.
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DETAILED DESCRIPTION OF THE INVENTION
[0048] In contrast to previously known methods of tssue engineering which are
based on seeding individoal cells into polvmer scalfolds, mwatrices andfor gels, the

methods described herein use cell aggregate suspensions formed from pluripotent hES

7

single cell suspensions or hES-derived (differentiated) single cell suspensions as the
building blocks of tissue formation. Cell aggregates are ofien comprised of hundreds
to thousands of individual cells. connected through junctional adbesions and
extracetlular matrix that collectively contribute 1o the final differentiated product. In
this regard, cell aggregates can be defined as a tvpe of tissue that provides a number

10 of performance advantages relative to more tradivional engineered tissues.

[0049] 1o one embodiment of the wvention, methods are provided for producing hES

cell ap

peel

gregate suspensions from a singlecell suspension of pluripotent stem cell
cultures or hES-desived cell cultures. The plurnipotent stem cell can be mitally

cultured on fibroblast feeders, or they can be feeder-free. Methods of 1solating hESC

L0

and culturing such on buman feeder cells was described 1 ULS. Patent No. 7,432,104
emtitfed METHODS FOR THE CULTURE OF HUMAN EMBRYONIC STEM
CELLS ON HUMAN FEEDER CELLS, which is herein incorporated in ifs entirety
bv reference. Plusipotent ES cell aggrepate suspension cultures made divectly or
mitiated from hESCs cultured on feeders avold the need for making hESC
20 monolayers. for example, as in adherent cultures. These methods are described n

detail in Examples 17 and 18,

{0030] Other embodiments of the mvention provide for methods of producing cell
aggregate suspensions directly into a differentiation media, eg., a differentiating
media an agent, preferably a TGFP family member, which 15 capable of activating a
25 TGFP family of receptor. Such agents mclude but are not finuted Activin A, Activin
B, GDF-8, GDF-~11, and Nodal. Methods of producing cell aggregate suspension in a
differentiation mediz 15 distinguished from other methods, also described herein,
which provide for production of cell aggregate suspension cultuses in a pluripotent

stem cell media, e.g , StemPro.

14
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[0051] Sudl other embodiments of the mvyention provide for methods of producing
cell aggregate sospensions formed from differentiated hES cell coltures (also referred
10 as "hES-derived celt cultures™ or “hES-~derived cell(s)™). e.g., calls from stages 1, 3,
3, 4 and § as described in &’ Amour 2005 and 2006, supra. Hence, methods for
making the cell aggregates described herein are not Himited {o any one plaripolent or
multipotent stage of a hES or hES-derived cell, rather the wmamer of use and need for
cell tvpe optimization will dictate which methods are preferred. These methods are

described m detail in Examples 19-22.

0052} 1n another embodiment of the invention, methods are provided for controlling
the resuliing celi composition, e.g.. contratling the percentage of pancreatic endoderm
cells, pancreatic endocrine cells andior PDXT-endoderm cells, by varving the
concentration of different growth {actors. These methods are described in detail in

Example 21.

{0053] Unless otherwise noted, the terms used herem are to be understood according
o conventional usage by those of ordinary skill in the relevant art. In addition o the
definitions of terms provided below, definitions of common terms in molecular
biology may also be found in Rieger ef o, 1991 Glossary of genetics: classical and
molecular, Sth Ed., Berhin: Spnnger-Verlag: and in Current Protocols in Molecalar
Biology, F.M. Auwsubel ef ol | Eds., Current Prolocols, a joint veniure between Greens
Publishing Associates, Inc. and John Wilev & Sons, Inc., (1998 Supplement). Tt is to
be understood that as used in the specilication and o the claims, “a” or “an” can mean
ohe or more, dependmg upon the context i which il i3 used.  Thus, for exampie,

=

veferance to "z cell” can mean that at least one cell can be utilized.

[00S4] Also, for the purposes of this speaification and appended clmms, unless
otherwise indicated, alt numbers expressing quantities of ingredients, perceniages of
proportions of materials, reaction conditions, and other numerical values used n the
specification and claims, are to be understood as bamng modified m all instances by
the term “aboul”.  Accordinglyv, unless indicated o the contrarv, the numencal
parameters set forth in the following specification and attached claims are

approximations that may vary depending upon the desired properiies sought {o be

et
7
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obtained by the presert mvention, At the very least, and not as an attempt 10 linut the
application of the doctime of equivalents to the scope of the claims, each mumerical
patameter should at least be construed in hght of the number of reported significant

digits and by applyving ordinary rounding technigues.

{00S5] The present invention provides methods for production of hES-derived cefl
aguvegates from hES-derived single cell suspensions. Because various mechanical
and non~physiological factors effect movement and aggregation of cells m culture, the
fwd mechanical micro-environment that correlates with optimal cell aggregate
viabifity and performance, as well as o provide 3 normalizing variable that can be
used for scale-up, it was necessary 1o characterize the movement of cells growing or
differentiating in various culbure vessels, dishes, boreactors and the hke and the
affects, if any, of various medig conditions on the cells. Some of these factors include
bul are not limited to, shear rate and shear stress, cell density and concentration of

various growlh factors in any cell medium.

[0036] Shear rate and shear stress are mechanical charactenistics that define the fluid
shear willun a system. Shear rate 15 defined as the flwd veloaity over a given distance
and is expressed as se¢”. Shear rate is proportional to shear stress wheve shear rate (y)
= shear stress (D) viscosity (). Shear stress 1s defined as the flaid shear force acting
tangentially to the cell surface and is expressed as force per unit area (dynefem” or
N/m'). Shear stress can be generaled by agilated liquid moving past static cells,
agitated cells moving through static liquid or by cells moving within an agitated.
dyvnamic fluid environment.  Fluid viscosity s tvpically measured in poise where |
poise=1 dyne secion® = 100 centipoise (cp). The viscosity of water, one of the least
viscous Ruds known, is 4.0 ¢p. The viscosity of a tvpical suspension of egkarvotic
cells in media is between 1.0 and 1.1 ¢p at a temperature of 25 °C. Both density and

temperature can affect the viscosity of a flud.

{0057] Fluid velocity also dictates whether the flow will be laminar or turbulent.
Laminar flow occurs when viscous forces dominate and 1s characterized by smooth,
even sireambines at Jow velocities. In contrast, high velocily and wnertial forces

donunate during turbulent flow, which 1s characterized by the appearance of eddies,

i6
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vortices and chaotic fluctuations i the flow across space and time. A dimensioniess
vatue known as the Reynold’s number (Re} is typically used to quanuly the presence
of faminar or turbulent Jow. The Revoold’s number 1s the ratio of estial o viscous
forces and is quantitated as {(density*velocity*length scale)/(viscosity). Laminar flow
dominates with Re<2300 while terbulent flow dominates when Rex4000. Based on
this relavonship with floid velocity, the Revnold’s mumber and thus the degree (o
which fluid fow is laminar or turbolent 15 directly proportional to the shear rate and
shear stress experienced by cells in suspension. However, high shear stress conditions
can be generated in both laminar and toerbulent fuid environments. Inrtially, there s a
tendency for liguid to resist movement, with the fluid closest 1o a solid surface
experiencing atiractive forces that generate a boundary laver or a region of no-flow
smmediately adjacent to the surface. This creates a gradiemt in fluid velocity from the
surface 1o the cender of the flmd flow, The stespness of the velogiy gradient is a
function of the speed atl which the hiquid is moving and distance from the boundary
layer to the region of highest fluid velocity. As the liguid flow rate through or around
a container accelerates, the velocily of the flow overcomes the viscosity of the fiquid
and the smooth, laminar gradient breaks down producing turbulent flow. Thomas et
al. showed that cell lysis under turbulent condstions oceurs most frequently in regions
of locally high shear stress and high energy dissipation rates. See Thomas et al.
{1994} Cviotechnology 13 329-335. These regions appear randomiy bt are ofien
found near the boundary laver where the veloaity gradient is highest. These random
fuctuations m fluid velocity can generate regions of very high shear stress that
ultimately can have a negative effect on the scale-up of cell culture-based
manufaciuring systems. Thus, a need exasts for methods that can maindain cell density
and viabihity w a mammalian cell culture manufacturing scale-up systermn by

controtling the major sources of shear forces in such systems.

{0058] Following methods provided by Henzler (Henzler, 2000, Panticle stress in
oreactors, n Advances in Biochemical Engineering Biotechnology, Scheper, T. Ed.
Springer-Verlag, Berlin} and Colomer et al. (Colomer, 1. et al. 2005, Experimental
analysis of coagulation of particles under low-shear flove. Warer Res. 39:2994). fluid

mechanical properties of the bulk fuid i a rotating 6-well dish were caleulated. The

17
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Dimensionfess  Stress 18 equal  to  the turbulence  constant™(aggregate
diameler’Kolmogoroy's Microscale) turbulence exponent. Shear Stress is equal to the
Dimensiontess Stress™Tud  densitv*(kinematic  viscosity¥power inpat)y™.3. Shear
Rate is equal the Shear Stress/kinematic viscosity. For caleulation of the power input
and Kolmogorov's Microscale, the Revnold’s number 18 required at each rotation rate
and i equal to the (rotation rate™flask diametery 2/viscosity. As both the power inpul
and Kolmogorov™s Microscale are functions of the Reyvnold’s Number, all shear stress

and shear rate calculations vary with rolation rate.

0059 Moreover, shear stress and shear rate are functions of the Dimensiounless
Stress, which depends on the diameter of forming agerevates, thus the shear stress and
rate experienced by aggregates 18 expecled 1o increase with time n rotation. Example
calculations ave shown in Example 17 for aggregate diameters between 100-200um
and rotation speeds between 60-140 rpm. These methods were used to provide an
estimation of the average shear in the bulk fluld over time. However, it 1s expected
that the shear stress at the wall of the vessel will be the highest due to boundary
effects. To estimate wall shear stress, Lev et al | proposed that wall shear stress in a 6-
well dish is equal to the radius of gvration™density *dynamic viscostiv*(2*pt¥rotalion
ratey"3)*0.5. Using this approach, the wall shear stress was cafculated for rotation
speeds ranging from 60rpm to 140rpm and is shown in Example 18 Note that, unlike
the time-averaged shear stress that 18 experienced by aggregates in the bulk fluid, the

shear stress occurring at the wall s mdependent of aggregale diameter.

[0060] Culture cell density 1§ also a factor entlical to the tissue functhion and 1 difficuli
to achieve and/or optimize w traditional tissue which ave 2-dimensional (eg..
adherent engineered constructs). The effect of cell density on differentiation is
described in more detald in Example 200  Cell aggregates may overcome thas
hutatton by assuming an organized 3-dimensional (3D) architecture that more
accurately reflects an i wve cellular density and conflormation. As a result, the penod
of ime for the cells to achieve thewr intended structure can be significantly reduced
and/or ntade more consistent and efficient. Moreover, cells in the 3D aggregate format
mayv differentiate and function more optimally, as this architecture more closely

resembles normal physiology than adberent cultures. In addition. the mechanical

18
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hardship mvolved n the manufacturing process is less damaging to cell aggregates
that are free-foating n suspension cuflure as compared to the mechanscal hardship,

for example, in an adberent culture.

[0061] Typical wanufacturing-scale suspension culture also uiilizes continaous
perfusion of media as a metheod for maintaining cell viability wlule maxumizing cell
density. In this context, media exchange conttibutes thad shear {o the culture affecting
adherent cells and suspended aggregates differently. Immobile adherent cells are
subject to thad shear stress as the media flows tangentially geross the cell surface. In
contrast, suspended aggregates experience significantly less shear stress across the
agoregate swface, as agereeates are {Tee 1o tumble in response to applied shear force.
It is expected that prolonged shear stress will be detrimental to adherent ES cells and
that the suspended aggregate format is prelerred for optimal survival and function.
Thus based on a need for an efficient manufactoring process for production of
pluripotent stem cells and/or maltipotent progemitor cells derived from pluripotent
stent cells and the above observed mechamces relating to shear rate and shear stress,
the present invention provides for the first time methods of manufacturing for
production of plunpotent stem cells andfor multipotent progenilor cells denved from
pluripotent stem cells in suspension formal, n particular, cell aggregate suspension

format.

[0062] As used herein, “single cell suspension™ or equivalents thereof refers 1o a hES
cell single cell suspension or a hES-derived single cell suspension by any mechamical
or chemical means. Several methods exist for dissociating cell clusters to form single
cell suspensions from privoary tissues, attached cells in cullure. and aggregates. e.g..
physical forces (mechanical dissoctation such as cell scraper, tnituration through a
narrow bore pipetie, fine needle aspiration, vortex disaggregation and forced filtration
through a fine nylon or stainless stead mesh}, snzymes (enrymatie dissoclation such as
frypsmn, coflagenase, Acutase and the hke), or a combination of both. Further,
methods and culture media conditions capable of supporting single-cell dissociation
of hES cells 1s useful for expansion, cell sorting, and defined seeding for multi-well
plate assavs and enable mstomatization of eulture procedures and clonal expansion.

Thus, one embodiment of the mvention provides methods for generating a stable

19
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single-cell enrymatic dissociation hES cell or hES-desived cell culture svstem capable
of supporting long-term mainienance and efficient expansion of undsfferentiated,

phuripotent hES cell or differentiated hES cells.

[0063] As used herein, the term “comtacting” (e, contacting a coll eg. a
differentiable celf, with a compound} 1s intended {o nciude mcubating the compound
and the cell together i virre {e.g., adding the compound to cells mn culture). The term
“contacting”™ 18 not intended to include the in vive exposure of cells 1o a defined cell
mediin comprising an ErbB3 hgand, and optionally, a member of the TGF-P family,
that mayv oceur naturally 1 a subject {Le, exposure that may oceor as a result of a
natural physiological process). The step of contacting the cell with a defined cell
mediin comprising an ErbB3 hgand, and optionally, a member of the TGF- family,
cans be conducted in anv suitable manner. For example, the cells may be treated in
adherent culture, or in suspension cultwre. 1t is understood that the cells contacted
with the defined medium can be further treated with a cell differentiation environment

to slabilize the cells, or to differentiaie the cells.

[0064] As used herewn, the term “differentiate” refers to the production of a cell tvpe
that is more differentiated than the cell type from which it is derived.  The term
therefore encompasses cell types that are parfially and terminally differentiated.
Differentiated cells denived from hES cells are generally referred o as hES-derived
cells or hES-derived cell aggregate cultures, or hES-denived single cell suspensions,

or hES-derived cell adherent cultures and the like.

[0065] As used herein, the term “substantially™ reflers to a preat extent or degree, e.g.
“substantially similar™ in context would be used to describe one method which is to
great extent or degree similar or different to another method. However, as used
herein, the term “substantially free”, eg. “substantially free”™ or “substantially fres
from contaminants.” or “substantially free of serum”™ or “substantially free of insuhin
or insubin like growth factor”™ or equivalents thereof, 13 meant that the selution, media,
supplement, excipient and the hike, is at least 98%, or at least 98.5%, or at lasi 99%, or
at fast 99 5%, or at least 100% free of serum, contamunants or equivalent thereof. In

one embodiment, there 1s provided g defined culture medig with no serum, or is 10(%
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serum-free, or is substantially free of serum. Conversely, as used heramn, the term
“substantially simlar” or eqanvalenis thereof is meant that the composition, process,
method, sohution, media, supplement. excipient and the like is yoeant that the process,
method, solution ete., is at least 809, at least 85%. at least 90%. at least 95%, or at
5 least 99% simular lo that previously desenibed in the specification herein, or m a

previousty deseribed process or method incorporated herein in ils entirety.

[0066] In certain embodiments of the present mvention, the term “ennched” refers to
a cell culture that contains more than gpproximately 30%, 33%, 60%, 65%, 70%.

7305, Bi¥%, 83%, 90%, or 95% of the desirad cell lineage.

10 [0067] As used heramn. the term “effective amount™ or equivalenis thereof of a
compound refers {o that concentration of the compound that iz sufficient in the
presence of the remaining components of the defined medium to effect the
stabilization of the differentigble cell in culture for greater than one month in the

absence of a feeder cell and in the absence of serum or serum replacement. This

¥4

concerdration is readily determined by one of ordinary skill in the art.

[0068] As wused herein, the term “express” refers to the transcripton of a
polviucleotide or translation of a polvpeplide in a cell, such that levels of the
niolecule are measurably higher in a cell that expresses the molecule than they are in a
cell that does not express the molecule.  Methods to measure the expression of a
20 molecule are well known o those of ordmary skill m the art, and include withowt
Hnutation, Northemn blotting, RT-PCR| in sitie hvbridization, Westermn blotting, and

HINDUNROS AN,

[0069] As used herein when referning to a cell, cell line, cell culture or population of

cells, the term “isolated” refers to bemng substantiaglly separated [rom the natural

ra
h

source of the cells such that the cell, cell line, cell colture, or population of cells are
capable of being cultured in vitro. In addition. the term “isolating™ 1s used to refer 1o
the phvsical selection of one or more cells out of a group of two or more cells,
wherain the cells are selected based on cell morphology and/or the expression of

varicus markers.
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[0070] The present tmvention may be understood more readily by reference to the
following detailed description of the preferred embodiments of the wnvention and the
Examples incladed heresn. However, before the present compositions and methods
are disclosed and described, it is to be understond that this invention is not limited to
specific nucleic acids, specific polvpepndes, specific cell tvpes, specific host cells,
specific conditions. or specific methods, ete.. as such may, of cowrse, vary. and the
numerous modifications and varationg therein will be appavent to those skilled in the

art.

j0071] Standard techniques for cloming, DNA  solation, amplification and
purtfication, for enwvmatic reactions involving DNA ligase, DNA polvmerase,
restriction endonucleases and the bike, and vartous separation technigues are those
known and commonly emploved by those skilled in the art. A nunmber of standard
techniques are described in Sambrook ¢ al, 1989 Molecular Cloning, Second
Edition, Cold Spring Harbor Laboratory, Plamview, New York; Maniatis er af | 1982
Molecular Clowing, Cold Spring Harbor Laboratory. Plainview, New York: Wu (Ed.)
1993 Meth. Enzymol. 218, Part I Wu (Ed) 1979 Meth, Enrymol. 68, Wua ef al.,
{(Eds.} 1983 Meth. Enzvmol. 100 and 10}, Grossman and Moldave (BEds.) 1980 Maeth.
Enzymol. 63 Miller {ed) 1972 Experimenis m Molecular Genetics, Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York: Old and Primrose, 1981
Principles of Gene Mampulation, University of California Pregs, Berkeley; Schlaif
and Wensink, 1982 Practical Methods in Molecular Biology; Glover (Ed) 1985 DNA
Cloming Vol T and 1, IRL Press. Oxford, UK: Hames and Figgins (Eds.) 1985
Nucleic Acid Hybridization, TREL Press, Oxford, UK and Setlow and Hollaender 1979
Genglic Engineering: Principles and Methods, Vols. 1-4, Plenmum Press, New York.
Abbreviations and nomenclature, where emploved, are deemed standard i the field

and commonly used in professional journals such as those cited herein.

[0072] The invention relates to compositions and methods comprising a basal salt
nutrient solution and an effective amount of an ErbB3 ligand, with the compositions
being essentiably free of serum.  The composiions and wethods of the present
myvention are vselal for cultuning cells, i particular, differentiable cells. It is

understood that at different points during culturing the differentiable cells. various

i
i
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components may be added to the cell culture such that the medium can contain
componenis other than those described heremn. It is, however, contemplated that at
least at one point dusing the preparation of the calture, or during the calture of the
differentiable cells, the defined medium comprises a basal salt nutrient solution and a

means for activating ErbB2-divected tyrosine kinase.

[0073] Although a basal salt nutrient sohwtion as descrbed heven 15 emploved o
maintain cell growth and viahility of hES cells. in other embodimends of the
mvention, allemative stem cell culture medias to mwaintam pluripotency or for
differentiation of the pluripotent cells, work in substantially similar means, including
but not limited o KSR (Invilrogen), or xeno-free KSR dnvitrogen), StemPro®
(lnvitrogen), mTeSR™1 (StemCell Technologies)y and HESCGRO (Milhipore),
DMEM based media, and the hke

{00741 In another embodiment, hES cells are cultured in the defined media degcribed
herein in the absence andfor presence of exiracelluiar matrix proteins (ECM), eg.,
MATRIGEL. Human ES cells cultired m the absence of ECM contain about 9.5 Lo
0% human serum (hS) or b8 retentaie fractions from a 300K and/or 100K cut-off
spin column (Microcon).  The hES cell aggregate suspensions can be produced by
directly incubating the hES cells into the media containing hS or bS retentate
fractions. or afler mcubating the culture vessels with the hS or hS relentate {racthions
for about 30 min., 1 hour, 2 hours, 3 hours, 4, howrs. 5 hows. 6 hours, 12 hours, and
24 howrs at 37°C. The plating efficiency for the hES cells in the hS or hS retentate
fraction conlaming media was comparable 1o that observed in hES cells cultured in
DC-HAILF as described in PCT/US2007/062755. or cultwred in DC-HAIF media using
MATRIGEL™ gs an BECM, or other similar matrices. Methods for culturing hES
cells in a defined media substantially free of serum is described i ULS. Application
Serial No. 11/8875,057, filed Oclober 19, 2007, entiled METHODS AND
COMPOSITIONS FOR FEEDER-FREE PLURIPOTENT STEM CELL MEDIA
CONTAINING HUMAN SERUM, which 1s heremn incorporated it s entivety by

reference.

~d
i
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[0075] Sull i another embodiment. hES cell aggrepate suspensions were cultured in
a media sebstantially free of seram and further in the absence of exogenously added
fibroblast growth factor (FGFY. Thus is distingmished from U.S. Patent No. 7,003,252
to Thomson, I, which requires culturing hES cells in a media without serum but

contaming exogenously added growth factors, including FOF.

[0076] Cellular regulation can be effected through the transdoction of extracelhular
signals across the membrane that, in tum, modulates hiochemical pathways within the
cell. Protein phosphorviation represents one cowse by which miraceliular signals are
propagated from molecule to molecule resulting finally in a cellular response. These
signal transduction cascades are highly regulated and often overlapping as evidencead
by the existence of many protein kinases as well as phosphatases. 1t has been reported
that 10 bumans, protein tyrosine kinases are known to have a significant role m the
development of manyv disease states inchuding diabetes, cancer and have also been
Hinked to a wide vaviety of congenital syndromes. Serine threomine kinases, e.g., Rho
kinases, are a class of enzymes, which if inhibited can have relevance to the treatment
of homan disease, including diabetes, cancer, and a variety of milamnmatory
cardiovascular disorders and AIDS. The maority of inlubitors identifisd/designed to
date act at the ATP-binding site. Such ATP-competttive nhibitors have demonstrated
selectivity by virtue of thewr ability (o target the more poorly conserved areas of the

ATP-binding site.

{0077] The Rho kinase family of small GTP binding proteins contains at least 10
members including Rho A-E and G, Rac | and 2, Cded2, and TC . The whibitos is
oflen referred to as ROK or ROCK inbubitors, and they are used interchangeably
herain. The effector domains of RhoA, RhoB, and RhoC have the same amino acid
sequence and appear to have simular intracellular targets. Rho kinase operates as a
primary downstream medigtor of Rho and exists a8 two isoforms: o (ROCK2)Y and B
{ROCK1). Rho kinase fanuly proteing have a catalviic (kinase) domain in s N~
ternunal domain, a cotled-coil domain in its nuddie portion, and a putative plecksinin-
homology (PH) domain in its C-termunal domain. The Rho-binding domain of ROCK
is localized in the C-termunal portion of the coiled-coll domain and the binding the

GTP-bound form of Rho results in enhancement of kinase activity. The Rho/Rho-
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kinase-mediated pathway plavs an important role in the signal transduction mitated
bv many agonists, includimg angiotensin 1, serotonin, thrombin, endothelin-1,
norepinephrine,  platelet-derived  growth  factor, ATP/ADP  and  extracellodar
nucleotides, and urotensin H. Through the modulation of 1is larget effectors/substrates
Rho kinase plavs an important role in vanous cellular functions including smwoth
muscle contraction, actin cyloskefeton organization, cell adhesion and motility and
sente expression. By virtue of the role that Rho kinase protein play in mediating a
nuntber of cellular funclions perceived to be associated with the pathogenesis of
arteriosclerosis, inhibitors of this kinase mayv also be aseful for the treatment or
prevertion of vanous arterntosclerobic cardiovascular diseases and ipvolved n
endothelial contraction and enhancement of endothelial permeability which 1s thought
{0 progress atherosclerosis. Hence, m other smbodiments of the mvention, agents
which promole and/or support cell survival are added to vanous call culture media,
for example. Rho-kinase ibibitors Y-37632, Fasudidl, and H-1152P and ITS
(msuhinfranslernniselenium; Gibeo). These cell survival agents function, in part. by
promoing re-association of dissociated LES cell or hES-denved cultures, eg., foregut
endoderm.  pancreatic endoderm.  pancreatic  epithelium, pancreatic  progenitor
populations and the bike. particolarly dissociated pancreatic endoderm and pancreatic
progenitor populations.  Increase n survival of hES or hES-derived cells was
achieved independent of whether the cells were produced from ecell aggregates in
suspension or from adherent plate cultures {with or with no extracellular matnx, with
or without serum, with or without leeders),. Increase in survival of these call
popuiations facilitates and improves purification svstems using a cell-sorter and,
therefore allows improved recovery of the cells. Use of Rho kinase inhibitors such as
Y27632 may allow for expansion of hES-derived cell types as well by promoting their
survival during senal passaging  dissociated single cells or from ervogenic
preservation. Although, Rho kinase inhibitors such as Y27632 have been tested on
hES and hES-dertved cell cultures, Rho kinase inhibitors can be applied o other cell
tvpes, for example, in general, epithehal cells including but not limited (o intestinal,

hung, thymus, Kidnev as well as neuoral cell types like pgmented retinal epithehum.

I~
78
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[O078] As used herein, the term “differentiable cell”™ is used to describe a cell or
poputation of cells that can differeniiale mio at least partially mature cells, or that can
patticipate in the differentation of cells, e.g. fuse with other cells. that can
differentiate into af teast partially mature cells.  As wsed herein, “partially mature
cells™, “progenitor cells™, “immature cells”, “precursor cells”, “muitpotent cells™ or
equivalents thereol and also nclude those cells which are lerminally differentiated.
eg., definitive endoderm cells, PDX1-negative foregut endoderm cells, PDXI-
positive pancreatic endoderm cells which further include PDX1-positive pre-
pancreatic endoderm cells and PDX1-postive pancreatic endoderm tip cells. Alf are
cells that exhubit at least one charactenistic of the phenotype, such as morphology or
protein expression, of a mature cell from the same organ or tissue but can further
differentiate nto at least one other cell type. For example, a normal, mature

hapamc}’te i}fpical})f expressas  such pmteins as aibumim ﬁhrinugem alpha-i-

as the C}'mc.hron‘le P-450¢, among others. Thus, as delined i the present imfemion, a
“partially matore hepatoovie™ mav express albumin or ancther one or more proteins.

or begin to take the appearance or function of a normal, mature hepatocvie

{0079} In conirast to cell aguregates produced by previously known methods that may

Pttty

vatry in both size and shape. the cell aggregates and methods described herein have a

narrow size and shape distribution, e, the cell aggregates are substantially uniform
in size andfor shape. The size uniformity of the cell aggregates 15 cnbical for
differentiation performance and the culture homogenety. Applving basic mass
fransport analvsis to the aggregates, it is expected that diffusion of oxyvgen and
nutrients o the center of large aguregates will be slow compared to diffusion mto
smatler aggregates, assuming equal permeabiiity. As differentiation of aggregated TS

cells tnto pancreatic hineage cells 1s dependent on the temporal apphication of specilic
erowth factors. a culture with a mixture of aggregates of different diameters is likely
{0 be de-svnchronized as compared to a uniform (size and shape) culture of cell
agevegates. This mixture of cell aggregaies gives nise 1o heterogeneity and may result
n poor differentiation performance and uvltimately not lend itself to being amenable to

manulacturing, scale-up, and production. The cell aggregates used herein can be of
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various shapes, such as, for example, a sphere, a cviinder (preferably with equal
height and diameter), or rod-like among others. Although other shaped aguregates
may be used. 10 one embodiment of the mvention, it is generally preferable that the
cell aggregates be spherical or evlindncal. In another embodiment. the cell aggregates
are spherical and substantially uniform in size and shape.  For instance, if the cell
ageregates differ m size or are not antform, it will be difficult to reliably mamefactare
and perform large scale-up process { the cells. Hence. as used herein, the phrase
“substantially umiform™ or “substantially uniform in size and shape” or equivalents

thereof, refers to the spread m aniformity of the aggregates and is not move than about

20%. In another embodiment, the spread in wuforouty of the aggregates 18 not more

than about 15%, 10% or 3%,

{0080] Although the exact number of cells per aggregate is not cutical, 1t will be
recogmizad by those skilled in the art that the size of each aggregate (and thus the
number of cells per aggregale) 1s limited by the capacity of oxvgen and nutrients lo
diffuse 1o the central cells, and that dus number may also vary depending on cell type
and the nutritive requirements of that cell type. Cell agpregates may comprise ¢
minimal number of cells (eg. two or three cells) per aggregate, or may comprise
many bhundreds or thousands of cells per aggregate. Typically, cell aggregates
comprise hundreds to thousands of cells per aggregate. For purposes of the present
myention, the cell aggrepates are tvpically from aboul 30 microns to about 609
microns 1 size, although, depending on celf tvpe, the size may be less or greater than
this range. In one embodiment, the cell aggregates are from about 50 mucrons o about
250 microns in size, or about 75 0 200 nucrons in size, and preferably they are abouwt
FO0 to 158 nucrons m size. In contrast, cvhindncal or non-spherical cell aggregates
which may occur in suspension are those aggregates whereby the diameter, as based
on the minor and major axes {eg, X, Y and Z), are not equal. These non~sphencal
cell aggregates tend to be larger in size, about 300 microns to 600 nucrons in dizmeter
and height. However, i the methods described herein, these non-spherical hES cell
ageragates become spherical once differentiation 1s initiated if thev were not already.
Non-spherical cell aggregates inclade but are not linuted to cyvlindrical and cuboidal

cell aggregates, but are still uniform in size and shape.
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0081} Muany cell types may be used to form the cell aggregates described herein. In
general, the choice of cell type will vary dependimg on the tvpe of three-dimensional
construct to be engineered (e.g. various organ structures including pancreas, hiver,
tung. kidnev, heart, bladder, bood vessels, and the bike). For example. if the three

5 dimensional structare is a pancreas, the cell aggregates will advantageowusly comprise
g cell type or types typically found in a pancreas (e ¢., endocrine cells such as insalin,
stucagon, chrelin, somatostatin type cells, as well as endotheld cells, simooth muscle
cells, etc.). One skilled i the art can choose an appropriate cell tvpeds) for the celi
aggregates, based on the tvpe of three-dimensional tissue or organ to be desired. Non-

10 linuting examples of switable cell types include stem cells {e.g adull and embrvomc),
contraciile or muscle cells {e.g.. striated muscle cells and smooth muscle cells), neural

cells {e.g., ghal, dendritic and neurons}, connective tissue {including bone, cartitage,

cells dillerentiating mio bone fornung cells and chondrogvtes, and ymph tissues),

parenchymal cells, epithelial cells (mcluding endothelial cells that form hmings in

P,
h

cavittes and vessels or channels, exocrine secretory epithelial cells, epithelial
absorptive cells, keratinizing epithelial cells (e.g. keratinocvtes and comaeal epithelial
cells), extracellular matiix secretion cells. mucosal epithehal cells, renal epithelial
cells, lung epithehal cells, mammary epithehial cells and the like. and uwndifferentated

cells (such as embryonic cells, stem cells, and other precursor cells), among others.

200 [0082] The cell aggregates described herain can be homo-cellular agpregates or

hetero~celhular aggregates. As used herein, “homo-cellular™, “mono-celiular™ cell
aggregates or equivalents thereof refers 1o a plurality of cell aggregales in suspension,
wherein each cell aggrecate comprises a plurality of living cells of substantially a
single cell tvpe, e g methods for producing hES cell aggregates described herein can
25 be substantially homwo-cellular, consistmg substantially of pluripotert hES cells,
consisting of substantially of definitive endoderm cells. Joregut endoderm cells,
consisting substantially of pancreatic endoderm cells, wihich can further include
POX1-positive pre-pancreatic endoderm cells, FDX1-positive pancreatic endoderm
cells, PDX1-positive pancreatic endoderm tip cells, pancreatie endocring precursor

30 cells, pancreatic endocrine cells and the hke.
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[O083] As used herain, the lerm “essentially™ or “substantially™ means either a de
minémus or a reduced amount of a component or cell present m anyv cell aggregate
saspension type, eg., cell aggregates in suspension described herein are “essentially
or substantially homogenous”. “essentially or substanuially homo-celiolar™ or are
comprised of “essentially hES cells”™, “essentially or substantially definitive endoderm
cells™, “essentially or substantially  foregot endoderm  cells”, “essentially  or

n

substantially PDX1-negative foregut endoderm cells™, “essentially or substantially
PDX1-positive pre-pancreatic endoderm celis”, “essentially or substantially PDX1-
positive pancreatic endoderm or progentlor cells™, “essentially or substantially PDX1-
positive pancreatic endoderm tip cells™ “essentially or substantially  pancreatic

13

endocrnne precursor cells”™, “essentially or substantially pancreatic endocrine cells”

and the like.

{0084] Some of the substantially homo-ceflular cell aggresate suspension cultures are,
for example, hES-denived cell aggrecate suspension cultures which comprise less than
about 30% hESCs, fess than about 4539% hESCs, less than about 40% hESCs, less than
about 35% hESCs. less than abowt 30% hESCs, less than about 25% hESCs, less than
aboul 20% hESCs, less than about 13% hESCs, less than about 10% hESCs, less than
aboul 3% hESCs, less than about 4% hESCs, less than about 3% hESCS, less than
aboul 2% hESCs or less than about 1% hESCs of the tolal hES-derived cells in the
culture. Stated in another way, hES-dertved cell aggregate suspension cultures, e.g.,
PDX1-negative foregut endoderm, PDX-positive pre-pancreatic endoderm cells,
PDX1-positive pancreatic endodernt or progenitor cells, PDX1-positive pancreatic tip
cells, pancreatic endocrine progentior cells and pancreatic endocrine cells, conprise at
{east 50%, at least 35%., at leasl 60%, at least 659%, at least 780%, at least 75%, al least

8090, al least 85%, at least 90%, or at least 93%,

JOO8S] As used herein, “hetero-cellulay”, “multi-calludar™ or equivalents thereof refess
o cell aggregates whereby cach individual cell aggregate comprises a plurality of
cells of at least twao, three, four, five, six or more cell types. or at least one cell fype
and a non-celiular component. ep. extracellular matrix (ECM) matenal {eg.
colfagen, fibronectin, faminin, elastin, andfor proteogiveans} Such ECM eomponenis

cary be naturally secreted by the cells, or alternately, the cells can be genetically

foc
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ntanupulated by any suitable method known in the art 10 vary the expression level of
ECM  matenal andfor cell adhesion mwlecules, such as  selectins, imtegrins,
mnmunoglobuling. and  cadherins, among others. In another embodiment, either
natural ECM matenial or any synthetic component that initates ECM material can be

incorporated mto the aggregates during aggregate formation.  For example, methods

for production of hES~derrved cell aggregates such as pancreatic epithelial or
pancreatic endoderm cell aggregates (or stage 4 cell aggregates) described herein
consists substantially of pancreatic epithelial or endoderm cells, bul may also consist
w small cell numbers other non-pancreatic epithelial tvpe cells, or other endoderm

progenitors, and even pancreatic endocnne secreting cells {e.g.. msulin secreting

gells).

{0086] To be clear, the homo- or hetero-cellular aggregates described herein and
produced by the suspension methods described heremn, are not the same cell

goregates described in the art and by others and referred to as embryvoid bodies

Pasl

a
(EBs).  Embryvoid bodies are clearly distinguished from the herein described cell
aggregates because EBs are cell ageregates of differentiated and undifferentiated cells
that appear when ES calls overgrow in monolaver cultures, or are maintained n
suspension  cultures in undefined media or are differenbiated via novn-directed
protocols {ie. random differentiation) towards owltple germ laver Gssues.  In
contrast, the present nvention, discussed in detatl i Examples 17 & 20,
enzyvmatically dissociate hES cells on adherent plate cullures to make a single cell
suspenston and then bringing the cells together 1o form cell aggregates; then using

these cell aggregates suspension cultures for dufferentiation substantially as described

m CAmour 2005 & 2006, supra. Other differences between EBs and the cell

aggregates of this invention are further discussed below.

[0687] Sull other methods descrtbe making embrvoid bodies (EBs). As usad herain,
the lerm “embrvord bodies™, “aggregate bodies™ or equivalents thereof, refer to
aggregates of differentiated and undifferentiated cells that appear when ES cells
overgrow i monolaver coliures, or are mamntaned i suspension cultures in
undefined media or are differentiated via non-disected protocols towards multiple

germ laver tissues, That s, EBs are not formed from a smgle cell suspension of

PCT/US2008/082356
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pluripotent stem cells as described herain; nor are EBs formed from adherent cultures
of hES-derived multipotent cells. These featares alone make the present mvention

cleatly distnguished from an embsvoid body.

{088] Embrvoid bodies are a nuxture of different cell types, typically from several
germ lavers, distinguwishable by morphological coteria Embrvoid bodies typically
vefer o a morphological structure comprised of a population of cells, the majorily of
which are derived from embryvonic stem (ES) cells that bave undergone non-directed
differentiation, t.e., such as that which occurs when undifferentiated cells are exposed
to high concentrations of serum in the absence of defined growth factors. Under
culture conditions suitable for EB formation (g.g., the vemoval of Leukemia inhabitory
factor Tor mouse ES cells. or other, similar blocking factors), ES cells proliferate and
form small masses of cells that begin to differentiate. First, comresponding to about
days 1-4 of differentiation for human ES cells, the small mass of cells forms a faver of
endodermal cells on the owter laver, and is considered a “simple embryoid body™
Secondly, corresponding to about days 3-20 post differentiation for human ES cells,
“complex embryoid bodies™ are formed, which are characterized by extensive
differentiation of ectodermal and mesodermal cells and derivative tissue. As used
herem, EBs includes both simple and complex EBs unless otherwise requured by
context. The deternunation of when embryoid bodies have formed in a calture of ES
cells is routinely made by persons of skill in the art by, for example, visual inspection
of the morphology. Floating masses of about 20 cells or more depending on the
culture conditions are considered Lo be EBs. See, e.g., Schmitt et al. {1991) Genes
Dev. 5, 728-740; Doetschman et al. (1983) J. Embrvol. Exp. Morph. 87, 27-435, The
term also refers to equivalent structures denved from primordial germ cells, which are
primitive cells extracted from embrvonic gonadal regions; see, e.g., Shamblott, et al.
(1998) Proc. Natl. Acad. Sci. USA 95, 13726, Pumordial germ calls, sometimes also
referred to in the art as EG cells or embrvonic germ cells, when treated with
appropriate factors form plunipotent ES cells from which embrvoid bodies can be

dertved; see, gg., U.S. Pat. No. 5,670.372; and Shamblott, et al., supra.

[0089] Various methods for making EBs exist, e g. spin embryoid bodies as deseribed

by Ng et a. (2008) Nature Protocols 3(5) 468-77¢ and EBs made from single cell

(¥
et
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suspensions which were plated onto micro-patiemed extraceliular matrix islands as
described 1 Bauwwens et af (2008) supra.  However, these methods are cost-
profubitive and less efficient for large scated production (manufacturing) of hES cells
and hES-derived cells because they require too many steps before scale~up production
can actually commence. For example, Bauwens et al | first have to seed hES cells on
a growth factor reduced MATRIGELTM belore the cells can be selected to start a
suspension cubture. The time and cost of this method makes it cumbersome because
customized micro-patterned ussue culture plates are required.  Additionally, the
method emploved by Ng et all 18 also not costefficient for large scale-up
manufacturing of hES cells and hES-derived cells because of the use of centrifuges in
order to create a more uniform EB. Lastly. m all these methodologies, the cell
agaregates are nol made from single cell suspensions of pluripotent sten: cells as the

present mveniion.

{0090} Embrvoid bodies are cell a

this imvention, that are made up of numerous cell types from the three germ lavers and

goregates, unlike the cell aggregates described in
are tvpically created by exposing aggregates of undifferentiated ES cells o non-
directed differentiation signals, such as 20% [etal bovine serum. The sesult of this
non-directed methodology s a minture of cell types that is intended to munic normal
embrvo development /a2 viero. While this approach is usefal at the basic vesearch level
for examining embrve development, it 1s not amenable to any large-scale cell therapy
manufacturing process where cell vield, population sdentity, population punity, batch
consistency, salety. cell function and cost of goods are primary concerns. Moreover,
recardless of any ennchiment strategies emploved to puntfy a given cell type from an
embryvoid body, the differentiation protocol does not provide a direcled approach that
will generale a large population of a single cell types. Subsequently, contaminant
poputations will alwavs predominate and will hamper any atteropt to purify a specific
population. All previcus work on creating and differentiating aggregates of ES cells
lias one or more of the following components in their methodology: 1) use of mouse
rather than human ES cells, 23 forced aggregation protocels that rely on centrifugation
to aggregate cells rather than normal cell adhesion processes, 3) aggregation of cell

chunks i static conditions, 4) non-single cell dissociation or scraping of celis off

i
I~
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surfaces to creale aggregates, 3) Non-direct differentiation of cell aggregates using
§5-2019 fetal calf seram, resulting in the formation of an embrvold body and cell
types of alt germ lavers. To our knowledge, the only study that does not wtilize 15~
20% FCS o differentiate embryoid bodies describes a protocol where cell aggregates
are formed by forced aggregation lhen asggregates are immediately differentiated
using media appropriate for mesoderm {(Ng et al, Blood 2005 106{3):1601).
However, in this work, the researchers transferred the embryvoid bodies (o non-
aggregate adherent culture afler 10-12 davs in static aggregate culture making
comparisons o the corrent application urelevant. In contrast to alf previous work, the
current application presents an approach that 1) dissociates buman ES cells to single
cells then creates aggregates by rotational culture at shear rates optimized for improve
control of aggregate diameter and cell survival, 2) directly differentiates the ES cell
aguvegates io defimiive endoderm then foregut endoderm, then pre-pancreatic foregut
endoderm, then pancreatic endoderm and finally pancreatic endocrine cells. Thas
differentiation protocol generates definitive endodenm and pancreatic lineage
populations with high efficiency and minumal contaminant populations. Moreover,
this approach to ES cell aggregation and differentiation does not create embrvold

bodies, m direct contrast {o all other published research.

[0091] In coutrast fo embrvoid bodies, which are a mixture of differentiated and
undifferentiated cells and typically consist of cells from several germ lavers and go
through random differentiation, the celt aggregates described herein are essentialty or

substantially  homo-celiular, existing as aggregates of plaripotent,  multipotent,
bipotent, or unipotent tvpe cells, e.g., embryonic cells, definitive endoderm, foreput
endoderm, PDX1 positive pancreatic endoderm, pancreatic endocrine cells and the

hike.

j0092] The present invention addresses the above problems by providing a cost
efficient manofacturing process or methods capable of reproducibly producing celt
apgregates that are substantially uniform in size and shape using a process that can
gasily be applied to large scale manuvfacturing. In one particular embodintent, the
differentiable cells are expanded in a suspension culture, using the cell media of the

present invention. Ion another particular embodiment, the differentiable cells can be

fad
(¥
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namtamed and expanded i suspension, i.e. they remain undifferentated or are
prevemted from forther differentiating. The lerm “expand™ in the context of cell
cuttuwre i3 used as it is in the wt, and refers to celluar proliferation and ncrease the
munber of cells. preferably increase in number of viable cells. In a specific
embodiment, the cells are expanded 1n a culture suspension by culturing for more than
about one day, Le. about 24 hours. In a more specific embodiment; the cells are
expanded in a suspension colture by culturning for at least 1, 2, 3, 4, 3, 6, 7 days, or at

feast 2. 3. 4, 3,6, 7, 8 weeks.

0093} The differentiation culture conditions and hES-derived cell tvpes describad
herein are substantially sumlar to thal described o CAmouwr et al. 2006, supra.
d’Amowr et al. 2006 desenbe a 5 step differentiation protocol: stage 1 (resulis n
substantially definttive endoderm production), stage 2 (results i substantially PDX1-
negative foregut endoderm production), stage 3 {results m substanially PDX{-
postlive foregut endoderm production), stage 4 (resufls in substantially pancreatic
endoderm or epithelium or pancreatic endocrine progemtor production) and stage 5
{results in substantially hornone expressing endocrnine cell production).  Importantly,
for the fust time, all these cell types can be produced by suspension methods

deseribed herem.

[0094] As used heremn, “definitive endoderm (DEY refers (o0 a multipotent endoderm
tineage cell that can differentiate into cells of the gut tube or organs derived from the
gut tube. In accordance with certain embodiments. the delinitive endoderm cells are
mammalian cells, and i a preferred embodiment, the definitive endoderm cells are
human cells.  In some embodiments of the present mvention, definitive endoderm
cells express or fail to significantly express certain markers. In some embodiments,
one or meve markers selected from SOX17, CXCR4, MIXL1, GATA4, HNF3beta,
GSC, FGF17, VWF, CALCR, FOXQ1, CMKOR1, CRIP! and CER are expressed in
delinitive endoderm cells. In other embodiments, one or more markers selected from
OCT4, alpha-fetoprotein (AFP), Thrombomodulin (TM), SPARC, SOX7 and
HNF4alpha are not sighificantly expressed m defintive endoderm cells, Defimtive

endoderm cell populations and methods of production thereof are also described in

i
o)
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LS. Application Number {1/021,618, entitled DEFINITIVE ENDODERM, filed

Pecember 23, 2004, which is hereby incorpovated in its entively.

JO095] Sull other embodiments of the present invention relae 1o cell coltures and cell
aggregates termed “PDXI-negative {oregul endoderm cells™” loregut endoderm
cells” or equvalents thereof PDXI-negative foregut endoderm cells are also
multipotent and can give nise to vanous cells and tissues including but not lunited Lo
thymus, thyrowd, parathyroid, hungs/bronchi, hver, pharvox. pharvogeal pouches, parts
ol the duodenum and Eustachian tube. In some embodiments, the loregut endoderm
cells express increased levels of SOX17, HNF1B, HNF1 alpha, FOXAT as compared
to non foregut endoderm cells eg., defimtive endoderm or PR X-positive endoderm
which do not appreciably express these markers. PDXl-negative foregut endoderm
cells also express low 1o no levels of PDXI1, AFP, SOX7 gnd SOX1. PDXI-negative
foregut endoderm cell populations and methods of production thersof are also
deseribed in U.S. Application Number 11/388,693, entitled PDX{-expressing dorsal
and ventral foregwt endoderm, filed October 27, 20006 which s hereby incorporated

herein by reference in ifs entirety.

j0096] Other embodiments of the present invention relate to cell cuttures of “PDXI-
positive  pancreatic  foregul endoderm  cells,” “PDX1i-posilive pre-pancreatic
endoderm,” or equivalents thereof. PDX 1 -positive pre-pancreatic endoderm cells are
multipotent and can give rise to various cells andior tissues including but not limited
to stomach, intestine and pancreas. In some embodiments, the PDX1-positive pre-
pancreatic endoderm calls express increased levels of PDXI, HNFo, SOX9 and
PROXT as compared to non pre~pancreatic endoderm cells which do not appreciably
express these markers. PDXI- posttive pre-pancreatic endoderm cells also express
low to no levels of NKX6.1, PTFIA, CPA. and cMYC.

[0097] In other embodiments of the present mvention relale to cell cultures of
“PDX1~positive pancreatic endoderm cells,” “PDX1-positive pancreatic progenitor,”
“pancreatic epithelium”™, “PE™ or equivalents thereof. PDX1i-positive pancreatic
progenitor cells are muwiltipotent and can give rise to various cells in the pancreas

mciuding but not himited to acinar, duct and endocrine cells. In some smbodiments,

i
7
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the PDX-positive pancreatic progenitor cells express increased levels of PDX1 and
NKX6.1 as compared 1o non pre-pancreatic endoderm cells which do not appreciably
express these markers. PDRX-positive pancreatic progentlor cells also express Jow to
no levels of PTFIA, CPA. cMYC, NGN3, PAX4. ARX and NKX2.2, INS. GCG,
GHRE, SST, and PP.

[0098] Altesnatively, other embodiments of the preseni invention relate lo cell
cultures of "PDX {-positive pancreatic endoderm tip cells.” or equivalents thereof. In
some embodiments, the PDX1-positive pancreatic endoderm tip cells express
mcreased levels of PDX1 and NKX61 simudar to PDXi-positive pancreatic
progenitor calls, but unlitke PDX1-positive pancreatic progenitor cells, PDX1-positive
pancreatic endoderm tip cells additionally express increased levels of PTFIA, CPA
and cMYC. PDXI-positive pancreatic endoderm tip cells also express fow to no
levels of NGN3, PANS, ARX and NKX2.2, INS, GCG, GHRL, 88T, and PP

[0099] Yet, other embodiments of the present invention relate to cell cultures of
“pancreatic endocring precursor cells,” “pancreatic endocring progenitor cells” or
equivalents thereof Pancreatic endocnne progenilor cells ave multipotent and give
rise to mature endocrine cells including alpha, beta, delta and PP cells. In some
embodiments, the pancreaiic endocrine progenilor cells express mncreased levels of
NGNZ, PAN4, ARX and NKX2.2 as compared to other non-endocsing progenitor cell
fypes. Pancreatic progentior cells also express low to no levels of INS, GCG, GHRL,
S8T, and PP

{00100} Stll other embodiments of the present invention relate to cell cultures
of "pancreatic endocrine cells,™ “pancreatic hormone secreting cells™, “pancreatic 1slet
hormone-expressing cell)” or equivalents thereofl refer to a cell, which has been
dertved from a pluripotent cell m vitro, eg. alpha. beta, delta andior PP cells or
combinations thereof  The endocrine cells can be poly-hormonat or singlv-hormonal,
e.g. expressing msalin, glucagon, ghrelin, somatostatin and pancreatic polypeptide or
combinations thereof  The endocrine cells can therefore express one or move
pancreatic hormones, which have at least some of the functions of & buman pancreatic

islet cell.  Pancreatic islet hormone-expressing cells can be matwre or immature.
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Intmature pancreatic 1siet hormone-expressing cells can be distinguished from mature
pancreatic islel hormone-expressing cells based on the differential expression of
certain markers, or based on their functional capabilities, e.g., glucose responsiveness
i vifro or in vivo, Pancreatic endocenine cells also express low to no levels of NGN3,

PAX 4, ARX and NKX2.2.

[00101) Most of above cell tvpes are epithehahred as compared o
mesenchvmal defimbive endoderm cells. In some embodiments, the pancreatic
endoderm cells express one or more markers selected from Table 3 andior one or
niore markers selected from: Table 4 of related U S, Application [1/388.693 entitled
PDX1 EXPRESSING DOSAL AND VENTRAL FOREGUT ENDODERM, filed
October 27, 2006, and slso LS. Application Number 117115868, entiled PDX1-~
expressing endoderm, filed Apnil 26, 2003, which are herebv incorporated herem by

reference in their entireties.

{00102] The mvention contemplates compositions and methods useful for

sl

differentiable cells, repardiess of their sourge or of thewr plasticity. The “plasticiiy™ of
a cell is used herein roughly as it is o the arl. Namely, the plasticity of a cell refers to
a cell’s ability to differentiate into a particular cell tvpe found m tissues or organs
from an embrvo, felus or developed orgamism The “mwore plastic™ a cell, the more
fissues info which the call mav be able {0 differentiate.  “Plunipotent cells™ include
cells and their progeny, which may be able to differentiate into, or give rise to,
pluripotent, muitipotent, oligopotent and wupotent cells, andfor several, if not all, of
the mature of parially mature call tvpes found m an embsvo, letus or developed
orgamism.  “Multipotent cells™ welude cells and their progeny, which may be able (o
differentiate into, or give use to, multipotent, oligopotent and unipotent progenitor
cells, andéor one or more mature or partially mature celf tvpes, except that the mature
or partially mature cell lvpes derived from multipotent cells are limaled to cells of a
particular tissue, organ or organ svstem. For example, a multipotent hematopoietic
progenitor cell and/or its progeny possess the ability to differentiate mnto or give nse
to one or more ypes of oligopotent cells, such as mveloid progemitor cells and
Ivmphoid progenitor cells, and also give rise {0 other mature cellular components

normally found in the blood. “Oligopotent cells”™ include cells and their progeny

i
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whose ability (o differentiate inlo mature or partially mature cells 18 more restricted
than muoltipotent cells.  Oligopotent cells mav, however, still possess the ability to
differentiate nlo oligopotent and unipotent cells, andior one or more mature of
partially mature cell tvpes of a given tissue, organ or organ syvstem. One example of
an oligopotent cell 1s a mveloid progemitor cell, which can ultimalely give rise {o
matare or partialty mature erythrocyles, platelets, basophils, eosinophils, neutrophils
and monocvies. “Umpotent cells™ include cells and their progeny that possess the
ability to differentiate or give rise o other unipotent cells and/or one type of mature or

partially mature cell type.

00103 Differentiable cells, as used herein, mav be plunipoteni, multipotent,
oligopotent or even wmpolent. In certain embodiments of the present invention, the
diferentiable cells are pluripotent differentiable cells. In more specilic embodiments,
the pluripotent dilferentiable cells are selected from the group cousisting of
embryonic stem cells, ICM/epblast cells, primitive ectoderm cells, primordial germ
cells, and teratocarcinoma cells. T one particular embodiment, the differentiable cells
are mammahan embivonic stem cells.  In a more particolar embodiment. the

differentiable cells are human embryonic stem eells.

jO0104] The wvention also contemplates differentiable cells from any source
within an animal, provided the cells are dilferentiable as defined herain. For example,
differentiable cells may be harvested from embrvos, or any primordial germ laver
therein, from placental or chorion tissue, or from more mature Hssue such as adult
stem cells including, bat not humited {0 adipose, bone marrow, nervous fissue,
mammary Hssue, hver tissue, pavcreas, epithelial. respivatory, gonadal and muscle
ussue. In specilic embodiments, the differentiable cells are embryonie stem cells. In
other specific embodiments, the differentiable cells are adult stem cells, In still other

specific embodiments, the stem cells are placental- or chorionic-derived stem calls.

[00105] Of cowrse, the mvention contemplates using differentiable cells from
any animal capable of generating differentiable cells. The ammals from which the

differentiable cells are harvested mav be veriebrate or inveriebrate, manwnahian or

i
v 3
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non-manmunaiian, human or non-human. Examples of amimal sources include, but are

not hmled to, primates, rodents, canines, felines, equines, bovines and porcines.

j00106] The differentiable calls of the present mvention can be derived using

any method known to those of skill in the art. For example, human phaipotent cells

7

can be produced using de-differentiation and nuclear transfer methods.  Additionally,
the human ICM/epiblast cell or the prumitive ectoderm cell used m the prasent
nvention can be denved im vive or in vitre.  Primilbive eclodermal cells may be
generated in adberent culture or as cell aggregates i suspension culture. as described
i WO 99/53021 Furthermore, the human plunipotent cells can be passaged using
10 any method known to those of skili in the art, including, manual passaging methods,

and bulk passaging methods sach as enzyvmatic or non-eny matic passaging,

0167 In certain embodiment, when ES cells ave utilized. the embrvonic stem
cells have a normal karvotvpe. while in other embodiments, the embrvonic stem cells

have an abnormal karvotvpe. In one embodiment, a majority of the embrvonic stem

¥4

cells have a normal karvotype. 1t is contermplated that grealer than 30%, 55%, 64%,
63, 70%. 753%. 80%, 85%, D0% or greater than 93% of metaphases exanuned will

display a normal karvotype,

j00108| In another embodiment, a majority of the embryvonic stem cells have an
abnormal karvotvpe. F s contemplated that greater than 3¥o, 55%, 60%, 65%, 70%,
20 75%, R0%, B5%, 90% or greater than 93% of metaphases exammed will display an
abnormal karvotype. I certain embodiments. the abnormal Karvotvpe 1s evident after
the cells have been cultured for greater than 3, 6, 7.8, @, 10, 11, 12, 13, 14, 13, or 2€
passages. In one specific embodiment, the abnormal karyolype comprises a tnisomy
of at least one autosomal chromosome, wherein the autosomal chromosome s
25 selecied from the group consisting of chrontosomes 1, 7,8, 12, 14, and 17, Tn another
embodiment, the abnormal karvotype comprises a tnsomy of more than one
autosomal chromosome, wherein at least one of the more than one awtosomal
chromosomes is selected from the group consisting of chromosomes |, 7, 8, 12, 14,
and 17, In one embodiment, the amtosomal chromosome is chromosome 12 or 17, In

3% another embodiment, the abnormal karvolype comprises an  additional  sex
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chromosome. In one embodimertt, the karvotype comprises two X chromosomes and
one Y chromosome. 1t is also conlemplated that translocations of chromosomes may
ocenr, and sach translocations are encompassed within the term “abpormal

N

karvotype.” Combinations of the foregoing chromosontal abnormalities and other

5 chromosomal abnormalities are also encompassed by the invention.

[00109] The composttions and methods comprise a basal salt nutnient solubion.
As used herein, basal salt nutnent solution refers to a nuxture of salis that provide
cells with water and certain bulk inorganic 1ons essential for normal cell metabolism,
nmaintain infra- and extra-celular osmotic balance, provide a carbohydrate as an

10 energy sowrce, and provide a buffering svatem lo mamtain the medinm within the
phvsiofogical pH range. Examples of basal salt nutrient solutions include, but are not
finuted to, Dulbecco’s Modified Eagle's Medium (DMEM), Mmimal Essential
Medium (MEM), Basal Medium Eagle (BME), RPMI 1640, Ham's F-10, Ham's F-
£2, c-Mimmal Essential Medium (oMEM), Glasgow's Minimal Essential Medivm

15 (G-MEMY}, and Iscove's Modified Dulbacco’s Medium, and mixtures thereof. In one
pariicidar embodiment, the basal salt nudrient solulion 1s an approximately 30:50
mixture of DMEM and Ham's F 12,

{00110} It is contemplated thar the composition can further compnise {race

elements.  Trace elements can be purchased commercially, for example. from
20 Mediatech. Non-lmuting examples of trace elements include but are not himited to
compounds comprising, alumunum, chlorine, sulfate, won, cadmiwm, coball,
chromium, germamum, sodium, potassium, calcium. phospbate and mwagnesium.
Specific example of compounds containing trace elements include but are not limited
to, AlCh, AgNOz, Ba{CH:i0:), CdCL, CdSOy, Colly, Crlly, G804, CuSO,,
fermic airale, GeQh, KI, KBr, LI molvbdic acid, MnSOy, MaCh, NaF, Na:Si0s,
NaV(:, NHVO: (NHOsMo:Oop, NSO, RBCL selentom, NaxSeOs:, HSeOs.

J
(¥4

selenite-2Na, selenomethionong, SnCl, ZnS04 ZrQCL, and mixtures and salis
thereof. I selenium, selenite or selenomethionone 1s present, il 1s al a concentration
of approximately 0.002 to approximately 0.02 mg/L. In addibon. hydroxviapatite

30 mav also be present,

40
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U I 13 comtentplated that amino acids can be added to the defined wedia.
Non-limitimg examples of such amino acids are Glveme, L-Alanine, L-Alanvi-L-
Glutamine, L-Glatamaone/Glutarmax, L-Arginine hvdrochlonde, L-Aspavagine-H20, 1~
Aspartic acid. L-Cystemne hvdrochionde-H; O, L-Cystine 2HCI, L-Glutamic Aad, L~
5 Histidine hvdrochlonde-11,0, L-lsoleucine, L-Leucine, L-Lysine hvdrochlonde, L-
Methionine, L-Phenvialanine, L-Prohine, L-Hvdroxyproline, L-Serine, L-Threonine,
E-Tryptophan. L~Tvrosine disodium salt dihvdrate, and L-Valine, In certain
embodiments, the amino acid is L-Isoleucine, L-Phenvlalanine, L-Prolme, L-

Hydroxvproline, L-Valine, and mixtures therzof

10 [06182] H 1s also contemplated that the defined medium can comprise ascorbic
acid. Prefevably ascorbic acid 1s present al an nitial concentration of approximately 1
mg/L to gpproximatelv 1004 mg/L, or from approximately 2 mg/L o approxumately
500 mgdl, or from approxinsately 3 mg/L 1o approximately 100 mpdh, or from

approximately 10 mg/L. to approximately 100 mg/L or approximately at 56 mg/l.

¥4

[00113] In addition, the compositions and methods may also comprise other
components such as serum albuoun. transferrin, L-glutamine, lipids, antibiotics, B~
Mercaptoethanol, vitamins, minerals, ATP and similar components may be present.
Examples of vitamins that may be present include, but are not himited to vitamins A,
By By By B, Bo Br. Bo, By, €. Dy Do, Dy D, Ds. E, tocotrienols, K, and K5 One
20 of skill in the art can determine the optimal concentration of minerals, vitamins, ATP,
lipids, essential faitv acids, erc. for use in a given culture. The concentration of
supplements may, for example, be from about 0.001 oM 1o about 1aM or more.
Specific examples of concentrations at which the supplements may be provided
inciude, but are not hinuted {0 about 0005 uM, 0.01 M, 065 uM, 0.1 ubM, 8.3 pM,
1O M, 2.0uM, 2.5uM, 3.0pM 4.0uM, 3.0uM, 10uM, 20 uM, 100uM, erc. In one

J
(¥4

specific embodiment, the compositions and methods comprise vitamin By and
ghatamine. In another specific embodimentt, the compositions and methods comprise
vitamin € and an iron supplement. In another specific embodiment, the compositions
and methods comprise vitmmun Ky and vitamin A, In another specific embodiment,
30 the compositions and methods comprise vitanun B and ATP. Tn another specific

embodiment, the compositions and methods comprise vitanun By and wansfertin, In
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another specific embodiment, the compositions and methods comprise tocotrienols
and [-Mercaploethanol.  In another specific embodiment, the compositions and
nethods comprise ghitamune and ATP.  In another specific embodiument, the
compositions and methods comprise an omega-3 fatly actd and ghutaming.  In another
spectfic embodiment, the compositions and methods comprise an omega-6 fatty aad
and vitamuin By In another specific embodiment, the compositions and methods

comprise g-hinolenic acid and Ba.

{00114] The compositions of the present invention are gssentiallv serum free.
As used herein, “essentially serum free” refers {o the absence of serum in the
sotutions of the present invention.  Serom s not an esseniial ngredient 1o the
compositions and methods of the present invention, Thus, the presence of serum in
any of the compositions should only be attributable to impurities, e.g. from the
slarting matertals or residual serum from the primary cell culture.  For example,
essentially serum free mediom or environment can contain less than 10, 9,8, 7. 6, 5,
4, 3, 2, or 1% serum wherein the presently improved bloactive maintenance capacity
of the mediam of envirorment 1s still observed. In a specific embodiment of the
present invention, the essentially serum free composition does not contan serum or
serom replacement, or only contamns frace amourds of serum or serum replacement
from the isolation of components of the serum or serum replacement that are added to

the deflined media.

jO0115] The compositions and methods of the present invenbion also compnse
a means Tor siiomiating FybB2 tvrosime Kinase activity within differentiable cells. In
one specific embodiment, the compositions and methods of the present invention
comprise the presence of at least one ErbB3 higand. Tvpically, an ErbB3 Hgand will
bind the ErbB3 receptor and dimerize with the FrbB2 recepior. The EvbB2 receplor
i, 1 tum. geperally responsible for imtracellular tyrosine Kinase activity within the

differentiable cell.

[00116] As used herein, “ErbB3 higand™ refers o a higand that binds to ErbB3,
which m turn dunerizes to ErbB2, thus activating the tyrosing kinase activily of the

ErbB2 portion of the ErbB2/ErbB3 heterodimernc receptor. Non-limiting examples of

PCT/US2008/082356
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ErbB3 hgands include Neuregulin-1; splice vanants and isoforms of Neuregulin-i,
including but not limited to HRG-B, HRG-g, Neu Differentiation Factor (NDF),
Acetylcholine Receptor-Inducing Activity (ARIA), Glial Growth Factor 2 (GGF2),
and Sensory And Motor Newron-Derived Factor (SMDF) Neuwregulin-2: splice
variants and ssoforms of Newregulin-2, mcluding bul not lunited o NRG2-§;

Epreguling and Biregulin,

00117} In one embodimentt, the means for stimulating ErbB2-directed tyrosine
kinase activity comprise at lzast one ErbB3 hgand that ix selected from the group
consisting of Neuregulin~1, Heregolin- (HRG-f), Heregulin-e {HRG-g), Neu
differentiation factor {(NDF), acetylcholine receptor-inducing activity {ARIA), dlial
growth factor 2 (GGF2), mofor-newon denved factor (SMDF), Newregulin-2,
Neuvregulin-2§ (NRG2-8), Epiregulin, Bireguhn and variants and functional fragments
thereof. In another specific embodiment, the compositions and methods of the present
mvention comprise more than one means for stimulating ErbB2-directed iyvrosing

kinase activity, such as, but not himited {o, using more than one ExbB3 ligand.

jO0118] In a more specific embodiment of the compositions and methods of the
present ivention, the ErbB3 hgand is HRG-P or a vanant or functional fragment
thereof.  In one embodiment, the species from which the culture additive protein,
polvpeptide or vanamt or {unctional fragment thereof derives is the same as the
species of cells that are caltured. For example, if mouse ES cells are cultared, an
HRG-§ with an amino acid sequence that is identical to the pus susouduy HRG-H
sequence can be used as an additive i culture and is considered to be “of the same
species.”  In other embodiments. the species from which the biological additive
derives s different from the cells being cultures. For example, il mouse ES cells are
cuttured, an HRG-[ with an anuno acid sequence that 1s identical (o the human HRG~
[} sequence from can be used as an additive in cullture and is considered to be “of

different species.™

[00119] As wsed heren, a “functional fragment™ is a fragment or splice variani
of a full length polypeptide that exerts a similar physiological or cellular effect as the

full tength polypeptide. The biological effect of the functional fragment need not be

o)
T4d
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identical i scope or strenglh as the full-length polvpeptide, so long as a similar
phyvsiological or cellular effect is seen. For example, a functional fragment of HRG-f

can detectably stimalate ErbB2-direcied tyrosine Kinase

0120 As used herein, the term “vaviant”™ includes clumeric or fusion
polypeptides, homologs, analogs, orthologs, and paralogs. 1In addition, a vaniant of a
reference protemn or polypephide 1s a profem or polvpeptide whose aming acid
sequence 1% at least about 80% identical 1o the reference protein or polvpeptide In
specific embodiments, the variant is at feast about 85%%, 90%, 95%. 95%, 97%. 98%.
99% or even 100% dentical to the reference protemn or polypeptide.  As used heram,
the terms “correspond(s) 07 and “cosresponding {0,” as they relate 10 sequence
alignment, are intended to mean enumerated positions within the reference protein or
polypeptide, e g, wild-ivpe human or mouse neuregulin-1, and those positions in the
modified proten or polypeptide that align with the positions on the reference protein
or polvpeptide.  Thus, when the amino acid sequence of a subject protemn or
polvpeptide 1s aligned with the anuno aad sequence of a reference protein or
polvpeptide, the sequence that “corresponds 107 certain enumerated positions of the
veference profemn or polypeptide sequence are those that align with these posilions of
the reference sequence, but are not necessarily 1n these exact numencal positions of
the reference sequence.  Methods for aligning sequences for determimng

corresponding amino acids befween sequences are described below.

[00121) A polypeptide having an amine acid sequence at least, for exanwple,
about 95% “identical” to a reference an amine acid sequence encoding, for example
TGF-f, s understood lo mean that the amine acid sequence of the polvpeptide 13
wdentical 1o the reference sequence except that the amino acid sequence mav mclude
up 1o about five modifications per each 1) anuno acids of the reference amino acid
sequence encoding the reference TGE-B. To other words, to obtain a peptide having
an ammo acid sequence at least about 93% identical lo a reference amno acid
sequence, up 1o about 3% of the amino acid residues of the reference sequence may be
deleted or substituted with another amino acid or a nomber of amino acids up o abowt
3% of the total amino acids i the reference sequence may be inserted mio the

reference sequence. These modifications of the reference sequence may occur at the
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N- termunos or C-ferminug positions of the reference amine acid sequence or
anywhere between those lermmal positions, interspersed esther individeally among
amino acids 1o the reference sequence of v one or more contiguous groups within the
reference sequence.

{00122] As used herein, “identtty™ is a measure of the identity of nucleotide
sequences or anune acid sequences compared to a reference nucleotide or amino acid
sequence.  In general, the sequences are aligned so that the highest order matceh 18
obtained. “Identity”™ per se has an art-recognized meaning and can be calculated using
published technigues. {See, e.g.. Computational Molecular Biology, Lesk, AL M., ed.,
Oxford Uhiversity Press, New York (1988) Biocomputing: Informatics And Genome
Projects, Snuth, D W, ed., Academic Press, New York (1993); Computer Analvsis of
Sequence Data, Part T, Griffin, A M., and Gullin, H. G, eds.. Humana Press, New
Jersey {1994}, von Heinje, .. Sequence Analvsis In Molecular Biology, Academic
Press (1987); and Sequence Analysis Prumer, Gribskoy, M. and Devereux, 1, eds.. M
Stockton Press, New York {19910, Wihile there exists several methods 1o messure
tdentity between two polvnucleotide or polvpepnde sequences, the term “tdentity™ 18
well known to skilled artisans (Cantllo, H & Lipton, D, Sitam J Apphied Math
48:1073 (1988)) Methods commonly emploved to delernune identity or similasity
batween two sequences inchude, but are not hoted to, those disclosed in Guide to
Huge Computers, Martin J. Bishop, ed. Academic Press, San Diego (19%4) and
Canlio, H & Lipton, D, Stam J Applied Math 48:1073 (1988). Computer programs
may also contain methods and alporithms that caleolate wdentity and similanity.
Examples of conyputer program methods o determine identity and simifarity between
two sequences include, but are not hinnted to, GCG program package (Deversux, 1., et
al , Nuocleic Acids Research 1201387 {1984)), BLASTP, ExPASy, BLASTN, FASTA
(Atschul, S, F., et al.. J Molec Biol 215403 (1990)) and FASTDB. Examples of
methods to determine identity and simularity are discussed in Michaels, G. and
Ganan, R, Cuwrrent Protocols in Protein Science, Vol |, John Wiley & Sons, Inc
(2000}, which s mcorporated by veference. In one embodiment of the present
wmvention, the algorithm used to deternune identity between two or more poly peptides

1s BLASTE.

S
78
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j00123] In another entbodiment of the present mvention, the algorithm used to
determine dentity betyeeen fwo or more polvpepiides 1s FASTDEB, which 15 based
upon the algorithin of Brutlag et al. (Comp. App. Biosci. &:237-245 (1990),
incorporated by reference). In a FASTDS sequence alignment, the query and subject
sequences are amino sequences.  The result of sequence alignment is i percent
identity,  Parameters that may be used wn a FASTDB alignment of amino acid
sequences to calculate percent identity include, but are not limited 1o Mainx=PAM,
k-tuple=2, Mismalch Penaltv=1, Joming Penaltv=20., Randomization Group
Length=0, Cutoff Score=1, Gap Penaltv=3, Gap Size Penalty 0.05, Window Size=500

or the length of the subject amino sequence, whichever is shorter.

[00124] I the subject sequence 1s shorter or longer than the guery sequence
because of N4ernunus or C-terminus additions or deletions, not because of intemal
additions or deletions, a manugl correction can be made, because the FASTDEB
program does not account for N-terminus and C-lerminus fruncations or additions of
the subject sequence when calculating percent identity.  For subject sequences
truntcated at the 3 or 3' ends, relative to the query sequence, the percent idemtity s
corrected by calculating the number of bases of the query sequence that are N-and C-
termunas to Lhe reference sequence that are not matched/aligned, as a percent of the
total bases of the query sequence. The results of the FASTDB sequence aligmment
determine matching/alignment. The alignment percentage is then subtracted from the
percent identity, calculaled by the above FASTDB program using the specified
parameters, to arrive at a final percent identity score. This corrected score can be
used tor the purposes of determining how alignments “correspond™ {0 each other, as
well as percentage ideniitv. Residues of the querv (subject) seguences or the
reference sequence that extend past the N- or C-termimi of the reference or subject
sequence. respectively, may be considered for the purposes of manually adjusting the
percent identity score. That 1, residues that are not matched/aligned with the N~ or
C-termini of the comparison sequence may be counted when manually adjusting the

percent ideniity score or alignment numbering.

{00125] For example, a 90 amino acid residue subject sequence 15 aligned with

8 100 restdue reference sequence to deternune percent identity. The deletion ocours at
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the N-ternmunus of the subject sequence and therefore, the FASTDE alignment does
not show a match/alignment of the first 10 residues at the N-terminus.  The 10
unpaired residues represent 1% of the sequence (number of residues at the N and C~
fermini not matched/total number of residues in the query sequence) so 0% is
subtracted [rom the percent identity score calculaled by the FASTDB program. If the
remaining 90 residues were perfectly matched the final percent identity would be
90%. Tn another example, a 90 residue subject sequence is compared with a 100
reference sequence. This lime lhe deletions are mnternal deletions so there are no
residues at the N- or C-termim of the subject sequence which are not maiched/aligned
with the querv. In this case the percent identitv calculated by FASTDB s not

manuatly corrected.

{001206] The mvention glso provides chimenc or fusion polypeptides. As used
heremn, a “chimeric polvpeptide™ or “fusion polypeptide” comprises at {east a portion
of a member of the reference polvpeptide operatively linked to a second, different
polvpeptide.  The second polypeptide hag an amino acid sequence corresponding 1o a
polvpeptide which is not substantially identical to the reference polvpepiide, and
which is derived from the same or a different organism. With respect to the fusion
polypeptide, the term “operatively linked” is intended lo mdicate thatl the reference
polypeptide and the second polypeptide are fused (o each other so thal both sequences
fulfill the proposed function attributed to the sequence usaed. The second polvpeptide
can be fused to the N-terminus or C-fermmus of the reference polypepuide. For
example, 1 one embodiment, the fusion polyvpeptide is a GST-IGF-1 fusion
polvpeptide i which an IGF~1 seguence is fused to the Coterminus of the GST
sequences.  Such fusion polvpeplides can faciiitate the purification of recombinant
polvpeptides.  In another embodiment, the fusion polvpeptide can comtam a
heterologous signal sequence at its N-terminus. In cerfain host cells (o g, mammalian
host cells), expression and/or secretion of a polypeptide can be increased through use

of a heterologous signal sequence.

[00127] I addition to fragments and fusion polvpeptides, the present inveniion
ncludes homologs and analogs of naturally occurring polvpeptides. “Homologs™ are

defined herein as two nucleic acids or polvpeptides that have sioular, or “identical,”
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nucleoide or amino acid sequences, respectively. Homwologs melude allelic variants,
orthologs, paralogs, agomsts, and amagonmists as defined hereafter.  The term

“homolog™ further encompasses nucleic acd molecules that differ from a reference

¥

nucleotide sequence due to degeneracy of the genetic code and thus encode the sam
5 polvpepiide as that encoded by the reference nucleotide sequence.  As used herein,

“naturally occurring” refers to a nucletc or anuno acid sequence thal ocours i nature,

00128} An agomst of a polvpeptide can retain substantially the same. or a
subset, of the ological activities of the polvpeptide. An antagomst of a polypeptide
can inhibit one or more of the activities of the natwrally occurting form of the

10 polypeptide.

j00129] In another more specific embodiment of the compositions and methods
of the prasent invention, the ErbB3 higand 1s HRG-P or a variant or a functional
fragment thereof. Additional, non-limiting examples of ErbB3 ligands are disclosad
i United States Patent No. 6,136,558, 6387.638, and 7.063561, which are

15 ncorporated by reference.

{00130] Hereguling are generally classilied into two major types, alpha and
bety, based on two variant EGF-like domains that differ in their C-ternunal portions.
These BGF-like domains, however, are identical in the spacing of six cystemne
residues comtained theretn. Based on an amino acid sequence comparison, Holmes al
20 @l lound that between the {irst and sixth cvsteines i the EGF-like domam, HRGs
were 45% simifar o heparin-binding EGF-like growth factor (HB-EGF), 35%

wdentical o amphiregulin (AR}, 32% identical to TGF-a, and 27% identical to EGF.

[00131] The 44 kDa neu differentiation factor (NDF) 1s the ral equivalent of
huoman HRG. Like the HRG polvpeptides, NDF has an immunoglobulin {1g)
25 homology domain followed by an EGF-like domain and lacks a N-terminal signal
peptide. Presently, there are at least six distinet fibroblastic pro-NDFs, classified as
either alpba or beta polvpeptides, based on the sequences of the EGF-like domains.
Isoforms 1 1o 4 are characterized on the basis of a vartable stretch between the EGF-

ke domain and transmembrane domain. Thus 1t appears that different NDF isoforms
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are generated by alternative sphicing and mav perform distined tissue-specific
functions. See EP 303 148 WO 93/22424; and WO 94728133, which are incorporated

by reference.

j0132] In one embodiment of the present mvention, the compositions and

7

methods are free of exozenous insulin and insulin substitutes. The phrase “exogenous
msulin or msulin substitutes™ 1s used herein to indicate wsulin or wsulin substitules
that 1s/are not mientionally added to the compositions or methods of the present
mvention. Thus, 1 certan embodiments of the present mvention, the methods and
compositions are free of msulin or msulin substituies that are intentionally supphied.
10 The compositions or methods may, however, nol ngcessarily be free of endogenous
msulin, As used herein, “endogenous insulin™ indicates that the cultured cells nway be
producing insulin of their own accord when cultured according to the methods of the
present mvention,  Endogenous insulin also mav be used to imdicate residual

wmpurities from the primary cell culture or umpurities from the starting matenals. In

L0

specific examples, the compositions and methods of the present contain less than 50,

45,40, 35,30, 25,20, 15, 10.9.8,7.6,5, 4,3, 2, or | ug/mb of insulin.

{00133} As used herein, the ferm “insubin”™ refers 1o the protemn, or vanant or
fragment thereof thal binds to the msulin receptor in normal physiological
concentrations and can induce signaling through the imsulin receptor.  The term
20 Tinsulin” encompasses a protein having the polvpeptide sequence of native human
msulin, or of other mammalian insabn, or of any bomologs or vanants to these
sequences. Additionally, the term wsulin encompasses polypeptide fragments that are
capable of hinding to the msulin recepior to mduce signaling through the insulin

recepior. The term “insulin substitute” refers to anyv zinc containmg compound that

J
(¥4

may be uwsed in place of nsulin to give substantially similar resulls as insulin
Examples of mwsulin substitutes include, bul are oot limited to zine chlonde, zinc

nitrate, ainc bronude, and zing sulfale.

{00134 To be clear, nsulin-like growth factors are not insulin substitules or
homologs of insulin, as contemplated in the present invention.  Accordingly,

30 another speaific embodiment, the compositions and methods of the present ivention
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comprise the use of at least one msulin-hike growth factor ({GF}Y or & vasiant or a
functional fragment thereof. In another embodiment, the compositions and methods
of the present fnvention are free of anv exogenous nsulin-like growth factors (1GFs).
It specific embodiments, the compositions and methods of the present invention
contam fess than 200, 150, 100, 75, 50, 25,20, 15, 19, 9.8, 7.6, 5,4, 3. 2, or | ng/mbL

of IGF-1.

[0 135] As used berein, the tevm “activator of IGF-1R” refers {0 mitogens that
play a pivotal role in regulating cell proliferation, differentiation, and apoptosis. The

eftects of an activator of IGF-IR are typically mediated through 1GF-IR, although
they can be mediated through other receplors. The IGF-1R s also myolved in cell
transformation induced by tumor virgs proleins and oncogene products, and the
mteraction is regulated by a group of specific binding proteins (IGFBPs). In addition,
a large group of IGFBP proteases hvdrolyze IGFBPs, resulting in the release of bound
HGFs that then resame their ability to interact with IGF-IR. For the purpose of this
mvention. the lgands, the receptors, the binding proteins, and the proteases are all
comsidered to be activators of JGF-1R. In one embodiment, the activator of IGF-1R is
IGF-1, or IGF-2. In a further embodiment, the activator of IGF-1R iz an IGF-1
analog.  Non-limiting examples of IGF-1 analogs include LongR3I-IGFI, Des(i-
INGF-1,  JArg'HGF-1,  [AIRTIFG-L Des(Q)ALMIGE-1,  [Leu™[IGEL,
Des(2.3)| Lee™ IGF-1, [Leu™{GF-1, [Ala™ fLeu®™ IGF-1, {Lew™|[Ala” IGF-1, and
combanations thereof. In a further embodiment, the IFG-1 analog s LongR3-1GF i,
which s a recombinant analog of human msulin growth factor-1. 1t is contemplated
that LongR3-~IGF1 is ininally present at a concentration of approximately 1 ng/mlb to
approximately 1000 ng/mi, more preferably approximately 3 ng/imkL to approximately
SO0 ngfml, more preferably approximately S0 ng/ml lo approximately 300 ngfml,
more preferably approximately 100 ngfml o approximately 300 ng/ml, or &t a

concentration of approximately 100 ng/ml.

{00130] In certain embodiments, the compositions and methods of the present
myention comprise ransforming growth factor beta (TGF-B} or a TGF-§ family

member or vaniants or funcional fragments thereof  As used herein, the term

“member of the TGE-B fanuly™ or the hike refers to growth factors that are generally
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characterized by one of shill in the art as belonging {0 the TGF-§ fammiy, either due o
homology with known members of the TGF-P fanuly, or due to sinularity in function
with known members of the TGF-§ family, In particular embodiments of the
wvention, il the member of the TGF-P fanuly is present, the TGF-f Family member of
3 vardant or lonctional fragment thereof activates SMAD 2 or 3. In certan
emmbodiments, he member of the TGF-f family is selected from the group consisting
of Nodal, Activin A, Activin B, TGF-f3. bone morphogenic protein-2 (BMP2) and
bone morphogenic protein-4 (BMP4). 1o one embodiment, the member of the TGF-

family is Activin A

16 [00137] It is contemplated that 1f Nodal s present, 1t s mitially present al a
concentration of approximately 0.1 ng/mb to approximately 2000 ng/ml, more
preferably approximately 1 ng/mb to approximately 1000 ng/nd, more preferably
approximately 10 ng/mb. o approximately 730 ngml, or more preferably
approximately 25 ngdmb {o approsimately 300 ng/ml. 1t is conternplated that if used,

15 Activin A 15 imtally present at a concentration of approximately Q.01 ng/mb to
approximately 1000 ng/mil, more preferably approximately 0.1 ng/ml 10
approximately 106 ng/mi, more preferably approximately 0.1 ng/ml to approximately
25 ng/mi. or most preferably al a concentration of approximately 10 ng/ml. 1t 18
contemplated that if present. TGF- is imtially present at a concentration of

20 approximately 001 ng/mbL {0 approximately 100 ng'ml, more preferably
approximately 0.1 ng'mb to approximately 30 ng/ml, or more preferably

approximately 0.1 ng/mb (o approximately 20 ng/mi.

[00138] In additional embodiments of the presenl invention, the compositions

and methods of the present invention are free of activators of FGF receptors. There

[ ]
prg

are currently at Jeast 22 known members of the fapuly of fibroblast growth factors,
with these factors binding to ong of at least one of four FGF receptors.  As vsed
herein, the term “activator of an FGF receplor”™ refers o growth factors thal are
generally characterized by one of skill in the art as belonging to the FGF {family.
either due to homology with known members of the FGF family, or due to simuiarity

30 i function with known members of the FGF family, In certain ambodiments, the
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activator of an FGF receptor is an FGF, such as, but not inuted to o-FGF and FGF2.
In particulgr embodiments, the composttions and methods are free of exogenous
FGF2. The phrase “exogenous FOF2™ &5 used herein to indicate fibroblast growth
factor 2, ie. basic FGF that 1s not intentionally added 1o the compositions or methods
of the present invention. Thus, i cerlain embodiments of the present invention, the
methods and compositions ave free of intentionally supphied FGF2. The compositions
or methods may, however, not necessarify be free of endogenous FGF2. As used
herein, “endogenous FGF27 indicates that the coltured cells may be producing FGF2
of their own accord when cultured according 1o the methods of the present invention.
“Endogenous FGF2™ also may be wsed to indicate residual impurities from the
primary cell culture or impunties from the starting malenals.  In specific examples,
the compositions and methods of the present contain less than 10, 9.8, 7,.6,5, 4,3, 2,

or 1 ng/ml of FGF2.

{00139] It is contemplated, however. that the compositions and methods of the
myention can imclude at least one activator of an FGF receptor, including any of the
FGF polypeptides, functional fragments thereof or variants thereof 111 contemplated
that 1f FGF2 is present, i 1s inthally present at a concentration of approximately 0.1
ng/ml to approximately 100 ngfml, more preferably approximately 0.5 ag/mb to
approximately 30 ng/ml, more preferably approximately 1 ng/mbL to approximately 25
ng/mi, more preferably approximately I ng/mi to approxamately 12 ng/mi, or most
preferably at a concentration of approximately 8 wng/mi  In another specilic
embodiment, the compositions and methods of the invention can mclude at least one
activator of an FGF receptor, other than FGF2. For example, the compositions and
methods of the present invention may comprise at least one of FGF-7. FGF-10 or
FGF-22 or variants or functional fragments thereof.  In specific embodiments, a
combination of at least two of FGF-7, FGE-10 and FGF-22, or variants or functional
fragments thereol, are present. In another embodiment, all three of FGF-7, FGF-10
and FGF-22, or vanants or functional fragments thereof, are present. It i
confemplated that if any of FGF-7, FGQF-10 or FGF-22 or vanas or functionat
fragments are present, each is initially present at a concentration of approximately (11

ngimi. 1o approximalely 100 ngfml, more specifically from approximately 0.5 ng/ml.
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to approxunately 38 ng/ml, more specifically from approximately | ng/ml to
approximately 23 ng/ml, more specifically  from approximately 1 ng/ml to
approximately 12 ngfml, or most speaifically at g concentration of approximately 8

ng/mi.

{00140] In additional certasin embodiments, the compositions and methods of
the present invention comprise seram albunun (8A). In gpecific embodiments, the SA
is either bovine SA (BSA) or human SA (HAS). In still more specific embodiments.
the concentration of the SA 18 more than gbout (.2%, volume to volume (v/v), but less
than about 10% viv. In even more specific embodiments, the concentration of SA 18
more than about §.3%, 0.4%, 0.3%, 0.6%, 0.7%, 4.8%, 0.9%, 1.0%, 1.2%, 1.4%,
F.O%, 1.8%, 2.0%, 2.2%, 2.4%. 2.6%, 2.8%, 3.0%, 3 2%, 3.4%. 3.6%, 3.8%, 4.0%,
42‘36 4. 4%, 4 6%, 4.8%, 3.0%, 296 5.4%, 5.6%, 5.8%, 60.0%, 6.2%, 6 4‘,0, 6.6%,
6.8%, T.0%, 7.2%, 7.4%, 7.0%, 7.8%, 8.0%, 8 2%, 8.4%, 8.0%, 8B.8%, 9.0%, 22%,
9.4%, 9.6% and 2 8% {v/v).

{0014 1] In addiional embodiments, the composilions and methods comprise at
least one insoluble substrate. For example, the differentiable cells may be placed ona
cell culture surface that comprises such compounds as, but s not limited to,
polystvreng, polvpropylene. The surface may, i tum, be coated with an insoluble
substrate. In specific embodiments, the mnsoluble substrate 13 selected from the grouwp
consisting of a collagen, a fibronectin and fragments or vanants thereof  Other
examples of insoluble substrates include. but are not himited to, fibrn, elastin,

fibronsctng, laminins and nidogens.

{00142] Accordingly, the cell culture environments and methods of the present
srvention comprise plating the cells v an adherent culture. As used heretn, the terms
“plated” and “plating” refer to any process that allows a cell to he grown in adherent
culiure,  As used herem, the term “adherent coliure”™ refers 0 a cell culture system
whereby cells are cultured on a solid surface, which mav i fom be coated with an
msotuble substrate that may in tun be coaled with another surface coat of a substrate,
such as those listed below, or any other chenucal or biological material that allows the

cells to proliferate or be stabilized mn culture. The cells mav or may not tightlv adhere

7
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to the sohid surface or o the substrate. The substrate for the adherent culture may
comprise any ong or combination of polvomithine, laminin, poly-lvsme, punfied
collagen, gelatin, [ibronectin, fenascin, vitronectin, entactin, heparin  sulfate
protecglyeans, poly glveolvtic acid (PGA), poly lactic acid {(PLA). and poly lactic~
glveolic acd (PLGA).  Furthermore, the substrale for the adherent culture mav
comprise the matrix laid down by a feeder laver, or laid down by the pluripotert
human cell or cell culture.  Ag used herein, the term “extracellular matrix™
encompasses solid substrates such as but not limited 1o those described above, as well
as the matrix latd down by a feeder cell laver or by the pluripotent human cell or cell
cultwre. In one embodiment. the cells are plated on MATRIGEL™.coated plates. In
another embodiment. the cells are plated on fibronectin~coated plates. In certan
embodiments, if the cells are plated on fibronectin, the plates are prepared by coating
with 10 pgfmb. human plasma fibronsctn (Invilrogen, #33016-013), diluled m tissue
grade water, for 2-3 howrs at roont temperature.  In ancther embodiment, serum can
be placed mn the medium for up to 24 howrs to aliow cells 1o plate 1o the plasuc. If
using serum fo promote the attachment of the cells, the media is then removed and the

compositions, which are essentially serum-free, are added 1o the plated cells.

[00143] The compositions and methods of the present invention contemplate
that the differentiable cells are cultured in conditions that are essentially free of a
feeder cell or feeder laver. As used heramn, a “Teeder cell™ 15 a cell that groves in viro,
that is co-cultured with a target cell and stabilizes the target cell in its corrent slate of
differentiation. As used herein, a “feeder cell faver” can be used interchangeably with
the term “feeder cell ™ As uysed herein, the term “essentially free of a feeder cell”
refers to tissue culture conditions that do not contain feeder cells, or that contamn a de
sty number of feeder cells. By “de pinimus™, ¥ is meant thal number of feeder
cells that are carried over o the instant culture conditions from previous culture
conditions where the differentiable cefls may have been culiured on feeder cells. In
one embodiment of the above method, conditioned mediunt is obtained from g feeder
cell that stabibizes the arget cell 1 s cwrrent state of differentiation.  In another
embodiment, the defined medium s a non-conditioned medium, which is a medium

that i1s not obtained from a feeder coll.
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00 144] As used herein, the term “stabilize.” when used n reference to the
differentiation state of a cell or calture of cells, indicates that the cells will continue to
proliferate over maltiple passages in culture, and preferably indefimitely n calture,
where most, if not all. of the cells in the culture are of the same dilTerentiation siate.
In addition, when the stabibized cells divide, the diviston tvpically vield cells of the
same cell tvpe or vield cells of the same differentation state. A stabalized cell or cell
population in general, does not further differentiate or de-differentiate if the cell
culiure conditions are not altered, and the cells continue to be passaged and are not
overgronn. In one embodiment, the cell that is stabilized 15 capable of proliferation in
the stable state indefinstely, or for al least more than 2 passages. o a more specific
embodiment, the cells are stable for more than 3 pagsages. 4 passages, 5§ passages, &
passages, 7 passages, 8 passages, 9 passages, more than 10 passages, more than {5
passages, more than 2¢ passages, more than 25 passages, or more than 30 passages.
In one embodiment, the cell is stable for greater than approxumalely | month, 2
months, 3 months, 4 months, 5 months, & months, 7 months, 8 months. 9 months, 14
months, or 11 months of continuous passaging. {n another embodiment, the celi 15
stable for greater than approximately 1 vear of continuous passaging  In one
embodiment, stern cells are muintawned in colture in a plunipotent state by routme
passage mn the defined mediant until 1t 1s desired that they be differentiated.  As used

heram, the term “proliferate”™ refers to an increase i the number cells in a cell cullure.

{00145} In cerlain embodiments, the compositions and methods comprise an
machvator of BMP signaling.  As used heren, an “inactivator of BMP signaling”
refers {0 an agent that antagonizes the activity of one or more BMP proteins or any of
their upstream or downstream signaling components through any of is possiblie
signaling pathways. The compouand(s) used to wmactivate BMP signaling can be any
compound known in the art. or later discovered.  Nonelimiting examples of
mactivators of BMP signaling include donunant-negative. {runcated BMP receptor,
sofuble BMP receplors, BMP receptor-Fo chimeras, noguin, follistatin, chordin,

gremlin, cerberus/DAN famidv proteins, ventropin, high dose activin, and ammionless.

{001406] In certan embodiments, the compositions and methods can comprise at

least one hormone, cvtokine, adipokine, growth hormone or vanant or functional
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fragment thereof. 1t 18 currenly contemplated that in certain embodiments, the
growth hormone present in the defined medium will be of the same species as the
differentiable cells that are cultured with the defined media. Thus, for example, if a
human cell is cultured, the growth hormone is human growth hormone. The use of
growth hormone that is from a species different than the cultwed cells is also
contemplated. Preferably the hormone, cyvtokine, adipokine andfor growth hormone is
present afl an inftial concentration ol approximately 0.001 ng/ml to approximately
F000 ng/mi, more preferably approximately 0.001 ng/ml to approximately 230 ng/ml,

or more preferably approximately 0.01 ng/ml to approximately 150 ng/ml.

001471 Examples of cviokines and adipokines that may be wchuded i the
compositions and methods of the present nvention include, but are not houted to, the
four a-helix bundie famuly of cvtokines, the mtareukin -1 (TL-1) fanuly of cyiokines,
the TL-17 famuly of ¢viokines and the chemokine family of cviokines. Of course, the
mvention contemplates members and subclasses of each of these families of
evtokines, such as, but not limited 1o, the CC chemokines, the CXC chemokines, the
C chemokines and the UX5C chemokines, interferons, interfeukins, lynphotoxing, o
kit hgand, granloovie-macrophage colonv-stumulating factor (GM-CUSF), monocyte-
macrophage colonv-stimulating  factor (M-CSF), granulocyie colony-stimelating
factor (G-CSF), leptin, adiponectin, resistin, plasminogen activator inhibitor-1 (PAF-
1), tumor necrosts factor-alpha (TNFw), tumor necrosis factor-beta {TNFR), leubemia
inhibntory factor, visfatm, retinol binding protein 4 (RBP4), ervthropoietin (EPO),
thrombopoiatin (THPO).  Of course, one of skill in the arl will undersiand that the

wmvention contemplates variants or functional fragments of the above-hsted Tactoss.

{00 148] The present invention relates to methods of culturing differentiable
cells, with the methods comprising plating dilferentiable cells on a cell culture
susface, providing a basal salt nulrient solution to the calls and providing a means for

stiimulating ErbB2-divected tyvrosing kinase activity in the cells.

00 149] In one embodiment. differentiable cells are contacted with at least one
of the compositions of the invention m the absence of serum or serum replacement,

and m the absence of a feeder cell laver, such that the cells are mintained in an
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undifferentiated state for at least one month. Plusipotency can be deternuned through
characterization of the cells with respect to surface markers, transcriptional markers,
Karyvolvpe, and ability to dilferentiate to cells of the thres germ lavers.  These

characteristics are well known to those of ordinary skill in the art.

7

{00150] The cell aggregates described herain can be suspended i any
vhysiclogically acceptable medium, typically chosen according to the cell type(s}
mvolved. The tissue culture media may comprise, for example, basic nutrients such as

sugars and amino acids, growth factors, antibiotics (o muiminuze contanunation) and
the like, In another embodiment, the differentiable cells are cultuwred in suspension,
10 using the cell media described herein. The term “suspension” as used i the context
of celt culturing 15 used as it is in the art. Namely. cell culture suspensions are cell
culture environments where the cells or cell aggregates do not adhere to a surface.
One of skill i the art will be familiar with suspension culture techniques, mcloding,

bul not lmuted to, the use of equipment such as flow hoods, incubators andior

L0

equipment used to keep the cells in constant motion, e.g., rotalor platforms, shakers.
efc, if necessary, As used herein, cells are “in motion™ 1f they are moving, or if their
immediate environment is moving relative to the calls. If the cells are kept “in
motion”, the motion will, in one embodiment, be a “gentle mobtion™ or “gentle

agitalion™ that 1s designed to avoid or prevent exposing the cells to shear stress.

20 (00151 A variety of methods of making cell aggregates are known in the art
such as, lor example, the “hanging drop” method wherem cells in an myerted drop of
fissue culture medium sink 1o the bottom of the drop where they aggregate; shaking
cell suspensions in a laboratory flask: and vartous modilications of these techniques.
See, eg.. NUE Timming, et al. (2004) Angiogenesis 7, 97-103; W, Dai, et al., (1996)
25  Biotechnolopgy and Bioengineering 350, 349336, R A, Foty, et all (1996)
Development 122, 1611-1620; G. Forgacs, et al. (2001) J. Biophys. 74, 2227-2234
(1998), K. 8. Farukawa, et al., Cell Transplantation 10441-445; R, Glicklis, et al.
(2004) Biotechnology and Bioengineering 86, 672-680; Carpenedo et al., (2007) Stem
Cells 25, 2224-2234; and T. Korff, et al., (2001) FASEB I 15, 447-457, which are
3¢ heramn incorporated in their entirsty be reference. More recenty, cell aggrepates have

Py

been formed by scraping micvopatterned colonies ito suspension, centrifuging
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colonies cut of mucrotiter plates and mto suspension or using pipets 0 distodge and
suspend colonies groan in patiemed microwells (Ungnn et al., 2008) PLoS ONE
H, 1-12; Bawwens & al (008 Stem Cells Published online June 26, 2008).
Although such methods can be used to produce cell apgregates described hevein, the
cell aggrepates produced heremm are optmmzed for svnchronoos  dirvected-
differentiation as described in &" Amour et al. 2006, supra.. Also, unlike these other
methods, the methods for producing the cell aggregates in suspension described

herein are amenable to large scale manufacturing.

j00152| In general, the cell mediam compositions of the present invention are
vefreshed at feast once every day, but the medium can be changed more often or less
often, depending of the specific needs and circumstances of the suspension culture. In
vitro, cells are usually grown in culture media in @ batch mode and exposed to various
media conditions, As described herein, the cells exist in a dish-culture as either
adherent cultures or as cell aggregates in suspension, and maintained i contact with a
surrounding culture medium; and the waste media being replaced periodically. In
seneral, the culture medium may be refreshed about every 1,2, 3. 4.5, 6,7, 8,9, 10
TRO12,13, 14, 135, 16, 17,18, 19, 20, 21, 22, 23 or 24 hours, ov any fraction thergof .
In additional examples, the medium mayv be refreshed less often such as, but not
linuted to, every 1.}, 1.2, 1.3, 14, 15, 1.6, 1.7, L8 1.9 ov every 2 or more davs, or

any time frame m between,

{00153] Yet, in another enmbodiment of the mvention, perfusion methods are
erploved o prevent degradation of growth laciors and other agents which have to be
replaced frequently. or perfusion as 8 mweans to deplete waste products from the
culture media over a period of time. For example, U.S. Pat. No. 5,320,963 describes a
bioreactor for perfuston culture of suspension cells, LS. Pat. No. 5,605,822 deseribes
a bipreactor system, emploving stromal cells to provide growth factors, for growth of
HSC cells i culture by perfusion. ULS. Pat. No. 5,646,043 describes growth of HSC
cells by continuous and periodic perfusion including media compositions for growth
of HSC calls. U S, Pat. No. 53,133,035 describes a bioreactor for suspension culiure of
cells by fhud media rotation. These referances are all incorporated herein m their

entireties,
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00 154] In general, the cells that are cullured m suspension in the medium

compositions of the present mvention are “spht” or “passaged™ every week or so, but
the cells can be split more often or less ofien, depending on the specific needs and
circumstances of the suspension culture. For example, the cells may be split every 1,
2.3.4, 5,6, 78,9, 16,11, 12, 13, 14 or more davs, or anv fime frame m between. As
used beren. the term “split™ or “passaged™ in the context of cell culture 1s used ag it s
in the art. Namely, cell culture splitting, or passaging. is the collection of cells from a
previous culture and subsequent transfer of a smaller number of collected (harvested)
cells mto a new cell culture vessel. In general, passaging cells altows the cells to
continue 10 grow in a healthy cell culture envivonment. One of skill 1 the art will be
famitiar with the process and metheds of cell culture passaging, which mav, but not
pecessartdy, involve the use of enzvmatic o non-enzvimatic methods that may be used

io disaggregate cells that have clumped together darng therr growth expansion.

[00155] In some instances, a degree of celt death may occur o the cultured
(suspended and adherent) cells immediately alter passaging.  In one embodiment, the
differentiable cells can “recover” from passaging, by delayving the refreshing of the
cell medium for more than 24 hows. Thereafter, the cell medium may be changed
more frequentlv.  In another embodiment, the cell caltiwe mediom can further
comprise an inhibitor of cell death. For example, Wantanabe er af | recently disclosed
the use of a Rho-associated kinase inthibitor, Y27632, {0 protect human ES cells after
dissocialion.  See Wantanabe, K., er af, Nar. Biotechnol, 25(6).681-686 (2007,
which 15 ncorporated by reference.  In additional embodiments, the cell culture
medinnm mav comprise caspase hibitors. growth factors or other trophic factors to
prevent or atienuate cell death mmmediatelv after passaging.  Specific examples of
compounds that may be used mclude, but are not hmited to, HA 1077,
Dihvdrochionde, Hydroxyviasudid, Rho Kinase Intubitor, Rho-Kinase Inhibitor 11, Rbo
Kinase Inhibitor 11, Kinase Inhibitor 1V and ¥27632 all of which are commercially
available. In still another embodiment, the compounds or faclors used to prevent or
atienuale cell death during or immediately after cell passaging may be removed from
the cell colture wedium after the cells have recovered from the passaging process. In

an additional embodiment. undifferentiated ES cells aggregate effectively in standard
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base media and do not require Y27632 or other inlerventions to manttain viability

during dissociation and aggregation.

[00156] In additional embodunenis, the compositions and methods of the
present invertion woay alse comprise the presence or use of surfactants. In one
particular embodiment, the compositions and methods comprise at least one surfactant
m the context of a suspension culture. Surfaciants are well-known 1 the art and,
generally speaking, ave amphiphilic m nature. In specific embodiments, the present
wmvention comprises the use of at least one surfactant that is either anionic, cationic,
non-ionic or zwitferionic.  The concentration of the surfactant used in the
compositions and methods of the present invenltion 13 a matier of routine screening
and optimization. For example, Owen er o/, reported the use of surfactants 1y celt
culture techniques for Hela cells and human amniotic cells. See Owen er ol J Cell
Sui., 32:363-376 (1978), which is incorporated by reference., Examples of surfactants
that may be used nclude, bat are nol limited to, Sodium dodecyl sulfate (SDS).
arumonian faury] sulfate, and other atkyl sulfate salts, Sodium lavreth sulfate (SLES).
Alkvl benzene sulfonate, Soaps. or fatty acid salis, Cetyl trimethylammoniom
bromide {CTAB) (hexadecyl trimethvl ammomam  bromude), and  olher
alkvltrimethviammonium  salts, Cetvlpyndinmum chlonde (CPC), Polvethoxylated
tallow amine (POEA). Benzalkonium chdoride (BAQ), Beneethoniwm chloside (BZT),
Dodecvl betaine, Dodecyl dimethyvlamine oxide, Cocamidopropyl betamne, Coco
ampho glvemate, Alkyvl polv{ethyvlene oxide), Copolymers of polv{ethvlene oxide)
and poly(propyiene oxide) such as Pluronic FOR, Alkyl polvelucosides. such as, bul
not limited to, Octyl glucoside, Decyl maltoside, Fatty alcobols. Cetyl alechol. Oleyl
alcohod, Cocanude MEA, cocamide DEA and cocamude TEA  andfor

Polvoxvethviene-sorbitane monolavrate {Tween}

j0G157] The embodiments described hersin provide methods for large-scale
manufacturing of profiferating andfor dilferentiating hES cells by mantaining a low
shear environment thereby nwuntaming operating cell densify in the system and
minimizing fluid shear stresses. In particular, the present mvention provides methods
for maintaiming a low shear environment in a eubasvotic cell manulactuning scale-up

svstem by culturing a cell suspension in a 60mim dish, 6-well plate, a rotating bottle, a

&t
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bioreactor (e.g.. spinner flasks), a vessel and the like. Alternatively, continuous
perfusion svsiems for culturing cells requures agitalion or movement in the oreactor
or vessel to provide suspension of the cells. oxygenation and a supply of fresh
nutrients, e.g., for growth andfor differentiation. To obtain cell suspension. bioreactor
vessels typically use one or more movable mechanical agitation devices that are also a

polential source of shear stress.

00158} Establishing and maintaining a constant, optimized agitating shear rate
is tmportant for nwintaming cell growth and viability. For example mcreased shear
rate is deleterious in the following aspects: {1} excessive shear increases energy
consumpdion, (2) excessive shear inferferes with diffusion at the membrane surlace,
{3) excessive shear can deprive certain compounds of their bioactivities, and (3)
excessive shear can deform cell membranes bevond the threshold bursting tension
feading 1o cell tysis, I therefore is desirable to maintain shear within an optimal range
of 8 1o 300 sec”, depending on the diameter of the cell aggregate and the sensitivity of
the particular cell line lo single celt dissociation and shear. Exemplary shear rates
produced by conficurations useful m the methods of the mvention are shown in
Example 17 for aggregate diameters batwesn 1H-200um and rotation speeds batwesn
60-T4trpm for a 6-well dish. These values estimate the tme averaged shear stress that
oceurs 1 the bulk fluid doring rotation. However, 1t i< expected that the shear stress at
the wall of the vessel will be lugher due 1o boundary effects. Using the method of Ley
et al, supra. the wall shear siress was caleulated for rotation speeds ranging from

H60rpm 1o 140rpm and 18 shown in Examples 17-1%

00159} Still. other examples of means or devices for generating a gently
agitated cell suspension exist and are well known o one skilled in the art including
impetlers, such as propellers, or other mechanical means, bladders, fluid or gas flow-
based means, wtrasonic standing wave generators, rocking or rotating platforms or
combinations thereof which produce a cell suspension. In the methods of the
myention, a rotating platform s an exemplary means for suspending the cells in the
media when cells are in 6-well plales, generating a shear rate of less than 400 sec™.
Regardless of rotalor type or mechamsm for generating agitated muxed fluid

suspenstons. the estimated time-averaged shear rate and shear stress in the bulk fluid
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provides a normalizing factor by which all fluid mixing devices can be related. While
the flow regimes amongst the devices may vary 1 their profile and extent of laminar
or turbulent flow, shear calculations provide a basis for equating Tow in devices that
produce muxing by different mechanisms. For example, for a 125mb spinner flask
wilh an impelier diameter of dem, a vessel width of Gdem, an impeller angle of 90

deg

foe)

rees. and an impelier width of (. 1em, a mpeller rotatron speed of 1353 rpm will
senerate the same time~-average shear rate and shear stress in the bulk DTud as G-well

=

dish with 3mL media rotating at 100rpm for aggregates of 100pm m diameter.

j00160] The method of the present invention can also be used (o mamntain 8 low
shear envirpnment i a manufachuning scale-up svatem for periods of time ranging
from 1,2, 3. 4.5.6,7.8 9,10, 11,12, 13, 14, 15, 16,17, 18, 19,20 21, 23, 24, 25,
26, 27, 28, 29, 30 davs, to more than 40 davs, to more than 50 days. An exemplary
operating time is at least about 1, 2, 3,4, 3,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29, 30 days to more than 40 days, to more than

56 days.

{00161} Tt is contemplated that the differentiable cells can be passaged using
enzymatic, non-enzvmatic, or manugl dissociation methods prior to andfor after
contact wilh the defined medium of the wvention.  Nown-limiting examples of
gnzvimaiic dissoctation miethods include the wse of proleases such as trypsin,
collagenase, dispase, and ACCUTASE™. In one embodiment, ACCUTASE™ ig
used to passage the contacted cells. When enzymatic passaging methods are used, the
resultant calture can comprise a mixture of singlets, doublets, taplets, and clumps of
cells that vary in size depending on the enzvme used. A nou-limiting example of a
non-enzymatic dissociation method is a cell dispersal buffer. Manual passaging
techniques have been well described mn the art, such as in Schulz er @l 2004 Stem
Cells, 22(711218-38. The choice of passaging method 1s mfuenced by the choice of
extracellodar yoatrix, 1f one is present. and 15 eastly determined by one of ordinary skill

in the art.

{00162} In one specific embodiment, methods of culturing differentiable cells

compuise providing a dissociation solution to a laver of differentiable cells that are
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contained in a culture chamber prior to dissocigtion, where the dissociation breaks
apart the laver of cells nlo single cells. After dissoctation, the single cells are placed
inte a new tssue culture chamber with a stem coll culture solation, wherein the stem
cell culture solution comprises a basal salt nutrient solution and an ErbB3 hgand.
Once cultured, the single stem cells are placed in condittons that permit growth and
division of the single cells. In another speaific embodiment, the methods of colturing
differentiable cells comprise providing a dissociation solufion to an aggregation
differentiable cells that are contained m a culture chamber prior, where the
dissoctation breaks apart the aggregates of cells mio single cells or smaller aggregates

of cells.

00163} The disaggregation solubion used in the methods of the present
myention can be any  disaggregation solution capable of breaking apart o
disaggregating the cells into single cells, without causing extensive toxicity fo the
cells. Examples of disaggregation solutions include, bul are nol limited to, trvpsin,
ACCUTASE™, (.25% TovpsindEDTA. TrvpLE, or VERSENE!™ (EDTA) and
repsin.  The methods of the present mvention need not result in every cell of the
confluent laver or suspension bemng disaggregated into single cells, provided thatl at

feast a few single cells are disaggregated and capable of being re-cultured.

j00164] Either at the begtnning of culture, or afler passaging, the differentiable
cells can be seeded at any density, including a single cell in & culture chamber. The
cell density of the seeded cells mav be adjusted depending on a vartety of factoss,
meluding but not hmited to the use of adherent or suspension cultures, the speaific
recipe of the cell culture media ased, the growth conditions and the contemplated use
ol the cultured cells. Examples of cell culture densities include, but are not limited to,
0.01 x 10° cefle/ml, 0.05 x 10° ceflsmi, 0.1 x 10° cells/mi, 0.5 x 107 cells/iml, 1.0 x 107
cells/mi, 1.2 x 10° celisimi, 14 x 1 o cells'ml, 1.6 x 16 cellsiml, 1.8 x 107 cells/mi,
2.0 x 107 cell/mi. 3.0 x 10° celle/ml. 4.0 x 10° cells/ml. 5.0 x 107 cells/ml, 6.0 x 10°
cells/ml. 7.0 x 107 cellyml. 8.0 x 107 cells/mi, 9.0 x 10° celis/ml, or 10.0 x 10°
cells/ml, or more, e.g.. up to 5 x 107 cells/mL have been cultured with good cell

survival, or any value in bstwesn.
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[00165] In additon to the above. as used herein, the term “operafing cell
density” or “operattonal cell density ™ or equivalents thereof refers to that cell density
at which a manufacturing process or system will be operated (0 obtain the production
of a proliferating or differentiating hES cell culture. Such cell densities are those at
which nuirients such az vilamins, minerals, amine acids or melabolifes, as well as
environmental condiions such as oxvgen tension, that are supplied to the svstem are
sufficient to madntain cellular viability. Alternatively, such cell densities are those at
which waste producis can be removed (rom the sysiem ai a rate suflicient fo maintain
cetlular viabititv. Such cell densities can be readily determined by one of ordinary

skill in the art.

[00166] Operating cell densities that may be maintained are those from at least
about 0.5 x 10° cells/mb. Tn a typical scale-up svstem operating cell densities mav be
between about 0.5 x 10° cellsAnk. and about 25 x 10° cells/mL. Exemplary densities
can be betwesn aboul 2.5 x 10° cellsmi, 22 x 10° cellyy ml and up o 5 x 1
cetls/ml.. Tn the method of the wmvention, cell viability is at least about 40%, 43%.
30%, 35%, 60%, 05%. T0%, T5%, BO%, 85%. 90%, 95% and up lo about 100%.
Oiher scale-up system operabing cell densities and acceplable cell viahlity levels will
be recognized by those skilled m the art and can be determined by techmiques well
known to those of skill in the art. For example, batch, fed-batch and continuous feed
configurations, cell densities may be between aboul 0.5 x 10° cellymL and 15 x 10°

ceflsiml.

[00167] Differentiable cells mav also be utilized to screan for molecules or
factors that influence their plasticity or other charactenstics.  For example.
differentiable cells could be used to idenmuily agents that imduce apoptosis,
differentiation or proliferation, as well as sinular effects in differentiated fineages that

have been generated from the differentiable calls.

j00168] Because the compositions and methods of the present mvention allow
for single cell passaging, differentiable cells have been saccessfldly cultured in hugh~
throughput settings, such as, but not limited to, 96-well plates and 384~well plates.

Figure 16 shows the morphology and atkaline phosphatase staining of BGO2 cells that
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werg cultured in DC-HAIF 1n both a 96-well and 384-well plate, using the methods
described herem. Bulefly, hESCs cells thal were split, using ACCUTASE™, and
plated 1n 96-well and 384-wall plates and coltured showed a similar plating effictency
as what is observed using other culture dishes. In addivion, the cells formed colonies,
and were expanded soccessfully over 3 days m the smaller environments.  These
smaller coltares remained morphologically undifferentiated. and stained uniformly
positive for alkaline phosplatase. & marker of undifferentiated cells. Furthermore,
hESCs could also be grown i 96-well culture devices (not shown) that provide real-
fime measurements of impedance, which can be used to measuare cell proliferation and
viability  wsing  the RT-CES™  methods from ACEA  Biosciences.  Inc
{www.aceabio.com). Such an approach would enable a label-free identification and
guantifation of subtle oy mmmediate effects on differentiable cells, as well as

measuremenis of profiferation, apoptosis and changes o morphology, in veal ime.

{00169] The compositions and methods of the invention may contain virtually
any combination of the components set out above or described elsewhere heren,
provided the compositions and methods compnise a basal salt nutrient solution and a
means Yor stumadating ErbB2 divected tyrosine kinase aclividy. As one skilled i the
art would recognize, the components of the composiiions and methods of the
mventton will vary according to the protocot design. Accordingly. one embodiment of
the present invention relates 0 cultuning differentiable cells in 26-well plates andéor
384~well plales. Indeed, wsmyg the methods and compositions of the present
mrvention, the cell culture chamber, e, the culture dish, i3 no longer limited (o
spectfic dimensions.  Thus, the methods described herein are in no way limited to
specific culture chamber dimensions andfor means and devices (o generate the cell

aggregale.

00178 The compositions and methods described herain have several useful
features. For example, the compositions and methods described herein are uselul for
modeling the early stages of human development. Furthermore, the compositions and
methods described herain can also serve for therapeutic mtervention in disease states,
such as nearodegenerative disorders, diabeles mellitus or renal failure, such as by the

developrent of pure tissue or cell fype.
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00171 The cell tvpes that differentiate from differentiable cells have several
uses m various fields of research and development mcloding bul not imited to drug
discovery, drug development and testing, toxicologv, production of cells for
therapeutic purposes as well as basic science research.  These cell tvpes express
molecules that are of inlerest in a wide range of research fields. These mclude the
molecufes known to be required for the fanctioning of the various cell types as
described in standard reference texts, These molecuies include, but are not Hintted to.
cviokings, growth factors, coviokine receptors, extracellular matrix, transcription

factors, secreted polypepiides and other molecules, and growth factor receplors.

j00172] H is contemplated that the dilferentiable cells of the invention can be
differentiated through conlact with a cell differentiation environment. As used herein,
the term “cell differentiation environment™ refers o a cell culture condition wherein
the differentiable cells are induced fo differentiate, or are induced to become a human
cell cultare enriched 1o differentialed cells. Preferably, the ditferentiated cell hineage
imduced by the growth factor will be homogeneous in natwe. The lerm
“homogeneous,” refers to a population that contains more than approximately 50%,.
60%, 70%, 80%, 83%, 86%., §7%, 88%, 89U, V0%, 91%, 8240, V3%, 94%), 93%,

G, 9T7%, 98%, or 99% of the desired cell hineage.

j00173] A cell dufferentiating medium or environment may be utihized to
partially, temunally, or reversibly differentiate the differentiable cells of the present
mvention.  In accordance with the invention the medium of the cell differentiation
environment may contain a vanety of companenis mcluding, Tor example, KODMEM
mediam (Knockoul Dulbecco’™s Modified Eagle’s Mediom), DMEM. Ham's FI2
medium, FBS (fetal bovine serum), FGF2Z {(fibroblast growth factor 2), KSR or hLIF
(human leubemia mhibiory factor). The cell differentiation environment can alse
coptamn supplements such as L-Glutamine, NEAA (non-essential amino aaids), P/S
(peniciliny/streptomyein}, N2, B27 and ff-mercaptoethanol {(§-ME} It is contemplated
that additional factors may be added to the cell differentiation environment, including,
but not liouted to, fibronectin, lanunin, heparin, beparin solfate. retinoic acid,

......

growth factor fanudy (FGFs) including FGEF2, FGF7, FGFE, and/or FGF 10, meambers
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of the platelet derived growth factor family (PDGFs), transforming growlh factor
{(TGFY bone morphogenetic protein (BMPY growth and differentiation factor (GDF)
factor Family antagonists including but not limited to noggin, follistating chordin,
gremlin, cerberus/DAN family protems. ventropin, high dose activin, and amnionless
or variants or functional fragments thereof. TOFBMP/GDF antagonists could also be
added 1 the form of TGF/BMP/GDF receptor-Fo clumeras. Other factors that may be
added include molecules that can activate or inactivale signaling through Notch
receptor family. meinding but not imited to proteins of the Delia-like and Jagged
fanuiies as well as mbibitors of Notch processing or cleavage, or vanants or
funcuonal fragments thereof.  Other growth factors mav include members of the
msulin like growth factor family (1GF), wsuhn, the wingless related (WNT) factor
fanulv, and the hedgehog factor family or vaganis or functional fragments thereof.
Additional factors mayv be added {o promote mesendoderm stemfprogenitor, endoderm
stemyfprogenitor. mesoderm stemdprogenitor, or definitive endoderm stenvprogenitor
proliferation and survival as well as survival and differentiation of derivatives of these

progenitons.

f0G174] The composttions described herein are usefd for the screening of test
compounds 1o determine whether a test compound modulates plunipotency,
proliferation, andfor differentiation of differentiable cells. Pluripotency, proliferation
and/or ditferentiation of dilferentiable cells can be readily ascertained by one of
ordinary skill in the art. Non-limiting methods wclude examming cell morphology,
the expression of various markers, teratoma formation. cell counts and measurements

of impedance.

[00175] The progression of the differentigble cells to the desired cell lineage, or
s mamntenance in an undifferentiated state can be monitored by quantitating
expression of marker genes characteristic of the desired cell hneage as well as the lack
of expression of marker genes characteristic of differentiable cell types. One method
of quantitating gene expression of such marker genes 18 through the use of
guantifative PCR {(Q-PCR). Methods of performing Q-PCR are well known in the art.

Other methods that are known in the art can also be used lo guanttate marker gene

&7
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expression. Marker gene expression can be detected by using antibodies specific for

the marker gene of infevesl.

o

[00176] In certain embodiments, the screeming method encompasses methods

of 1dentifying a compound capable of modulating pluripotency, proliferation and/or

7

differentiation of a differentiable cell. compuising {a) providing a differentiable cell;
(b cudturmyg the cell i & composition comprising a basat sali nutrient solwdion and an
ErbB3 hgand, wherein the composition s essentially serum free: {¢) contacting the
cell with a test compound. and deternuning whether an increase or decrease in
pluripotency, proliferation andfor differentiation occurs in the cell contacted with the
10 compound, sad increase being an mdication that the compound modulates
pluripotency, proliferation andior dilferentiation. In certain embodiments, the ErbB3
hgand is HRG-B. 1o other embodiments, the ErbB3 ligand can be substituted with a
test compound, o determine the effects of the test compound.  For example, the
etfects on plunpotency, proliferation and/or differentiation that occur with the test
15 compound can be compared to the effects on pluipotency, proliferation andior
differentiation thal occars with the ErbB3 ligand lo determing the effects of the test
compound on the differentiable cells. M is conternplated that any of the compositions

described herein can be used i the screening methods of the present myention.

[00177] Inn vet another embodiment, the cells can be cultured in the absence of
20 an ErbB3 Lipand (ErbB2-divected tvrosine kinase activity) to determine the effects of

the absence of ap ErbB3 ligand (ErbB2-directed fyrosine kinase activity} on the cells.

f0G178] Using the methods desenbed hersin, compositions comprising the
desired cell hneage that are substantially free of other cell types can be produced.

Altematively, compositions comprising mixtures of the dilferentiable cells and the

I3
(5

desirad celt lineage can also be produced.

{00179] In some embodiments of the present invention, cells of the desired cell
lineage can be isolated by using an atfinity tag that 1s specific for such cells. One
example of an affinity tag specific for a target cell s an antibody that 15 specific to a

marker polvpeptide that is present on the cell surface of the target cell but which 15 not

a)
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substantiatly present on other cell fypes that would be found in a cell cubture produced

by the methods described herain

00180 The present invention also relates 1o kils, wherein the kil comprises a
basal salt mutrient solution and at least one compound capable of stimulating ExbB2-~
directed tyrosine kinase activity. In one embodiment, the kits comprise at {east one
ErbB3 higand, as described herein.  In another embeodiment, the kits comprise more
than one ErbB3 ligand.  In another embodiment, the Kits comprise at least one of
TGF-B or a TGF-B family member or a vardant or functional fragment thereof as
described herein.  In vel another embodiment, the Kits comprise more than ong of
TGF-f or a TGF-B famuly member or a vanant or funclional fragment thereof. In still
another embodiment, the kits comprise at least one fibroblast growth factor or vanant
or functional fragment thereof. T another embodiment, the ks comprise more than
one fibroblast growth factor or variant or Funclional fragment thereof. In a speafic
embodiment, the kits comprise at least one of FGF-7, FGF-8, FGF-10, FGF-22 or
variants or functional fragmenis thereof  In another embodiment, the kits comprise
serum albumun.  In stilf another embodiment, the kits compnise seram andfor at feast

one insoluble substrate as described herein and/or at least one disaggregation solution.

{00181} The kits of the invention may contain virtually any combination of the
components set owt above or described elsewhere herein.  Ag one skilled in the art
would recognize, the components supplied with kits of the vention will vary with
the intended use for the kits. Thus, kits may be designed to perform various functions

set out in this application and the components of such Kits will vary accordingly.

[00182] Throughout this application, varnous publications are referenced. The
disclosures of all of these publications and those references cited within those
publications n their entivelies are hereby mcorporated by reference nto this
application in their entivety in order to more fully describe the state of the art to which

this mnvention pertains.
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EXAMPLES
jOO183] The human embryonic stem cell fine BGOLy (BresaGen, Inc., Athens,

GA) was used 1o some of the experiments described herein. The BGO1v hESC hine is
a karvotypically vartart cell line, which exhibits stable Rarvotype containing specilic
irisonnes {karvotvpe: 49, XXY, +12+17)  Parent cultures were maintained as
described previcusly (Schulz e of . 2003, BMC Neurosct., 4:27; Schulz er af | 2004,
Stemp Cells, 22(7)1218-38; Rosler et af, 2004, Dev. Dynamics, 229:259-274;
Brimble ef o, 2004 Stem Cells Dev., 13:5385-396). Briefly, the cells were grown in
dishes coated with MATRIGEL™ or fibronectin, mn conditioned media from mouse
embryornic fibroblasts (MEFs) (MEF-CM) comoprising DMEMF12 with 20% KSR, §
ng/ml. FGF2, 2 mM L-Glutamme, 1x non-essential amino acids, 0.5 Usml penicilling
4.5 U/mb streptomvein, 0.1 mM f-mercaptoethanol (Sigma, St Lows, Missourt,

USA), with collagenase passaging.

[00184] The defined culture (DC) media tested herein comprised DMEMFIZ,
2 mM Glutamax, Ix non-essential amino acids, 8.5 U/ml peniaidling, 0.3 Uiml
streptonwvein, 10 pg/mi. transferrin (all from Invitrogen, Carlsbad, California, USA)
0.1 mM B-mercaptoethanol (Sigma), 0.2% fatly acid-free Coln’s fraction V BSA
{Serologicals), 1x Trace Element mixes A, B and C (Cellgro) and 3¢ ugfml. Ascorbic
Acid (Sigma). Vanable levels of recombinant growth factors were used, including
FGF2 (S1igma), LongR3-1GF1 (JRH Biosciences), Hereguhin-f§ EGF domain (HRGS,
Peprotech). TGFR (R&D svstems), nodal (R&D system), LIF (R&D systems), EGF
(R&D systems), TGFo (R&ED svstems), HRGo (R&D systems), BMP4 (R&D
svstemns). and Activin A (R&D Systenss).  LongR3-IGF1 is a modified version of
IGFY that has reduced affinity for IGF1 binding proteins, some of which are
expressed in hESCs. DC-HAIF is the defined cultuire media as above, contaming 16
ng'mbl HRG-B, 10 ng/mb Activin A, 200 ng/ml, LR-IGF1 and & ng/mL FGF2. DC-
HAL is defined culture media as above containing 10 ng/mbL HRG-B, 10 ng/ml
Activin A, and 200 ng/mL LR-IGF]. In both DC-HAIF and DC-HAL the LR-IGF1

component can, of course be replaced with IFGI.
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j00185] MATRIGEL™ coated dishes were prepared by diluting Growth Factor
Reduced BD MATRIGEL™ matnx (BD Biosciences, Frankhin Lakes, New Jersev,
USA) to a final concentration range of aboul 1:30 1o about 11000 in cold DMEM/F-~
12, In one embodiment, the concentration of MATRIGELY is about 11200, 1 mi/33
mm dish was wvsed to coat dishes for 1-2 howrs al room lemperature or at least
overnight al 4°C. Plates were stored up to one week at 4°C. MATRIGEL™ solution

was removed immediately before use.

For the tested conditions, parent cultwes were plated into 6-well dishes for
compartison of nwltiple conditions,  Cultures were typreally plated directly into the
test conditions.  The cultures weare assessed every dav and graded based on
motphological eriteria 4 to 3 days alter platng. The grading scale of 1 to 3 involved
exanuning the whole culture and assessing overall proportion of undifferentiated
colonies, their relative size, and proportion of colonies or parts of colonies extibiting
obvious diuferentiation. Grade 5 indicates “ideal” cultures, with large undifferentiated
colonies and negligible differentiation. Grade 4 indicales a very good culture. but
with some obvrous differenuiation. Grade 3 indicates an acceptable culture, but with
around hatl the colowies exhubiting obvious differentiation. Grade 2 culures are
predominantly differentiated, with occasional potative undifferentiated cells. Grade 1
cultures contain differentiated colonies ov the caltures did not adhere or did not
survive. Cultures that exhibited good expansion of undifferentiated cells were

passaged to assess longer-term enlture in these conditions.

[00 18] Examyprle 1 - Expression of ErbBI-3, Nrgl and ADAMI® in BGHIy
cells
[00187] Real time RT-PCR was vsed (o demonstrate expression of ErbB1-3,

Neuregulin and ADAM-19 in BGOlv cells (Figure 1), BGOlv cells coliured in DC
media as described above, containing 100 ng/mi. LongR3-IGF (LR-IGF1), 8 ng/'mL
FGR2 and 1| ngfml. Activin A were harvested and RNA was prepared using the
RNeasy mim kit (Qragen) according to the manufacturer’s instructions.  Fisst strand
¢DNA was prepared using the iScript kit (Biorad) and real ime PCR was carnied out

using a MJ Research Qpticon thermal eycler.
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j00188] TagMan assays on demand (Applied Biosvstems) for ADAMIY
(Hs00224960_mi), EGFR (Hs00193306_ml). ErbB2 (Hs00170433 ml). ErbB3
(Hs00176538 1), NRG1 (Hs00247620 1), OCT4 (Hs00742896_s1) and control
GAPDH were used with TagMan universal PCR (Applied Biosvstems). The real time
5 amplificaion plots are shown m Figure 1. demonstrating expression of these

ranscripts in undifferentiated BGO 1y cells.

00189} Example 2 - Inhibition of ExbB2 Slows Preliferation of BGOEy Cells
{00190} The EGF domain family of ligands bind 1o the ErbB [amily of receplor

tvrosine kinases. To examine the effect of known inhibitors of ErbB tyrosing kinases
10 m hESCs, BGOIv cells were plated in 6 well travs on MATRIGEL™ diluted at
1000, 1n defined culture medium (DC) contaiung 100 ng/ml LongR3-1GF1, §
ng/ml. FGE2 and | ng/ml Adtivin A, On the next day, DMSO (carrier control), 50
nM-20 uM AGI478 (an ErbBl inhibitor), or 100 nM-20 uM AGR79 (an ErbRB2

mhibitor) was added with fresh medium. The cells were cultured for an additional 3

¥4

davs, with daily media changes. The cultures were then fixed and stained for alkaline

phosphatase activily.

{00191} Subconfluent colomes of AP+ BGO1y cells observed (Figures 2A, and
B in control and AGL4T7R cullured cells, indicating that neither DMSO nor AGH4T78
{30 nM-20 pM} had an apparent affect on cell proliferation. AGS79, however,
20 substantially inhibited cell growth at 5 pM (Figure 2C) and caused cell death at 20
uM {(pot shown). The cultures grown in AGR79 did not appear to differentiate and
appeared (o nmamtain a pluripotent morphology and alkahine phosphatase activity,
indicating  that AGK79  appeared to  inhibit proliferation  without  inducing
differentiation, suggesting that BGOIv cells are reliant on ErbB2 signaling for cell
25 swrvival,  Conversely. BGOly cells grown in simidar conditions as above do not

appear 1o be rehant on ErbB1 signal for proliferation.
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[00192] Example 3 - BGOIv cells are Muointained in Defined Media

Containing Heregulin

06193 Expression of ErbB2 and ErbB3 and the inhubition of proliferation with

AGS7Y suggested that BGOv cells have active endogenous ErbB signaling and that

"

they may also respond to exogenous HRG-B. BGOIv cells were grown m DO
mediam cortaimng 10 ngfml. HRG-B, 200 ng/ml LongR3-IGF1, § ng/mb. FGF2 and
{0 ng/mbl Activin A, on MATRIGEL™ difuted 1:1000 (Figores 3A and B). These
cells were grown for 4 passages, or =20 days, exhibited undifferentiated morphology

and did not show elevated sportaneous differentiation.

16 [00194] Furthermore, BGO1v cells were also mamtained for 2 passages. or =13
davs, in DO madiom comprising 10 ng/mb HRGR, 200 ng/ml. LongR3-1GFL, and 10
ng'mb Activin A, These cultures proliferated normally and exhibited very low
spontancous differentiation, demonstrating that BGO1v cells could be maintained in

defined conditions with HRGf in the absence of FGF2.
13 [0G195] Example 4 ~The Raole of ErbB2-Directed Tyrosine Kinase in ES Cells

j00196] RT-PCR demonstrated that mESCs express ADAMIY, Neuwregulind
{(Nrgl), and ErbBi-4 (Figures 4A). In mESCs, ErbB2 and 3 appeared 1o be expressed
at higher levels than ErbB1, with fow levels of ErbB4 baing detected. These data

suggest that endogenous HRG-f could be involved in driving mESC self-renewal.

20 (00197 The expression of the ErbB receptor transenipts in mouse embryonic
fibroblasts (MEFs) was also examined (Figure 4B)  MEFs are a heterogenous
population of cells derived from £12.5-13.5 viscera that have been used historically to
matniain mouse and homan BC cells and ES cells. Expression of Nrgl and Adami

mw this population suggests that the HRG- ectodomain is also present in MEF-

Pethet)

[ V]
(74

conditroned media and may exert significant effects upon pluripotency,

{00 198] AGHT8 and AGS7Y9 were used to examune the role of HRGEMDLB
signaling m mwouse ES cells. R mouse ES cells were maintamwmed i standard

conditions in DMEM. 10% FBS, 1% KSR, 0.5 U/ml pemallin, 0.5 U/mb
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sireplontyein, IXNEAA, 1 M sodium pyruvate, 1000 Usmb LIF (ESGRO), (. mM
B-ME. and were passaged with 0.5% trypsin/EDTA. 2x 14 cellsfwell were plated in 6
well frays on MATRIGEL™ diluted at 1:1000. The day afier plating, DMSO (carrier
control), 1-30 uM AGI478, or 1-30 uM AGE7Y was added with fresh medium. The
3 cells were cultured an addivional 8 days, with darly media changes. The cultures were

then fixed and stained for alkaline phosphatase activity.

{00199} DMSO and 1-50 yM AGI478 bad ne apparent affect on cell
proliferation, with subconfluent colonies of alkaline phosphatase positive mESCs
observed (Figures 3A-C). However, AGET9 substantially inhibited cell growth al 30
160 uM (compare Figures 3D and 5F) and mav have slowed prohferation at 20 pM
(Figure 5E). mESCs grown m AGRTY did not gppear to differentiate and maintained

a plunipotent morphology. and alkaline phosphatase activity.

j002040] The results indicate that AG879 appeared to inhibit proliferapion,
without inducing differentiation, of mESCs, suggesting that mESCs require ErbB2
15 signaling for proliferation. Conversely, mESCs do not appear to be reliant on an
ErbBl signal for profiferation.  The concentration of AGH79 required to inhibil
proliferation vwas ~10x higher for mESCs than that for BGO1v cells grown in defined
conditions, indicating that either the seran used 10 the mESC conditions may have
tterfered with the activity of the drug, that AGR79 has a lower affintly for the mouse
20 ErbB2 tvrosine kinase than for human ErbB2 tvrosine kinase, or that ErbB2 may play

shightly different roles with the different species of ES cells.

06201 Apolher highly selective mhubitor of the ErbB2 tvrosine kinase,
tyrphostin: AGR23 (Muwrillo, el al. 2001 Cancer Res 61, 7408-7412), was used to

mvestigate the role of ErbB2Z mn human ESCs.  AG82S significantly inhibited

I3
(5

proliferation of hESCs growing in conditioned medipm (CM} (Fig. 6A)  AGB2S
inhibited prohiferation withowt widespread cell death, and viable hESCs could be
maintained for >3 days (not shown), Westemn bloting showed that AG82S5 inhibited
asutophosphorviation of ErbB2 al tvrosine-1248 in starveddheregulin (HRG) pulsed
hESCs growing wy DC-HAIF (Fig. 6B). Thus, disruption of ErbB2 signaling severely

30 nhibited hESC probferation.  To establish hESCs in defined growth conditions,
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cultures could be passaged directly from CM condittions into DC-HATF and exhibited
ninimal spontaneous differentiation (Fig. 6C)  Colony and cell-counting assays
confirmed that LongR3-IGFT and HRG plaved the major rofes in selferenewal and
proliferation in the context of one of the embodiments of the present mvention (Fig.
6D, 6E).  Phosphorvlation of IGEFIR, IR, FGF2o, ErbB2Z, and ErbB3 was also
observed in both steady-state DC-HAIF cultures. and in starved cultures that were
pulsed with DC-HAIF (Fig. 6F).

{00202} Example § - Culture of Mouse ES Cells in Defined Conditions
{00203] To further examune the role of HRG/ErBB2 signaling in mouse ES

cells, the proliferation of Rl ES cells was examuned in DC medium using a
combination of growth factors. 1x10° calls/well were plated in 6-well travs, coated
with 6.2% gelatin. in DU containing combinations of 10 ng/mb HRG-§. 100 ng/ml.
LongR3-IGFI, 1 ng/ml. Activin A, 1000 U/md. mouse LIF or 10 ng/ml. BMP4 (Table

1. below). Prohileration was observed over 8 days.

[00204] Viable colonies only grew in conditions containing at feast LIF/HRG-B
or LIF/BMP4 (Table 1), No additional obvious benefit was observed when LongR3-
IGFY or Aclivin were added to these combinations.  Normal proliferation was
observed in a control parental culture, and no viable colonies were observed in

defined media withouf anv growth factors,

L §
7
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Table 1
HRG {GF Activin - LIF  BMP4 | Growth
- No
; Yex
" & No
& - + Yes
; ! No
; : Yes
y No
4 } Yes
{ Yes
& + + Yes
[00205] A quantitative assay was performed by plaling 216° cellsiwell i 6-

well travs on 1:1000 MATRIGEL™, in selected combinations of 10 or 50 ng/mlL
HRG-B. 10 ng/mlL EGF, 1000 Wmb LIF or 10 ng/mb BMP4. The cultures were
grown for 8 days. fixed. and the number of alkaline phosphatase colonies was counted
(Figure 7A). No colonies were observed i defined conditions without growth
factors, and <43 colomes were observed with HRG-B, HRG-/EGF and HRG-/BMP
combinations.  While 1358 colonies were observed in LIF alone, 4114 and 3734
colonies were observed i the 10 ng/mb HRG-P/LIF and 50 ngfmbl HRG-/LIF
combinations, respectively. This indicated that n defined conditions, LIF alone
provided a substantial pluripotency signal, and HRG-f exhibited a large svnergistic
effect with LIF, more than doubling the number of proliferating mESC colonies in
this assay. Low magnilication images of this assay also indicate this synergistic

proliferative effect {Figures 7B-QG).
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j00206] Example 6 — Characterization of Plripotency of Human Embryonic
Stem Cells (RESCs) maintained in DC-HALF
F0G207] Multiple approaches were used o confirm the manisnance of

plasticity of hESCs in DC-HAIF. BGO2 cells cultured in DC-HAIF for & months (25
passages) niaintained the potential o form complex teratomas (Fig. 8A) and
representatives of the three germ lavers /s vigre (Fig. 8B). Transoniptional analvses
were used to compare global expression in hESCs cells {Liv et al 2006, BMC Dey
Biol 6, 20) maintained in CM and DC-HATIF. Greater than 11,600 transcnpts were
detected in BGO2 calls grown in DC-HAIF for 10 and 32 passages, and BGO2 cells
erown in CM for 64 passages. There were aboul 10364 {ranscsipts common to all
populations (Fig. 8C), including konown RESC markers such as CD9, DNMT3,
NANOG, OCT4, TERT and UTFI (not shown) High correlation coefficients were
observed in comparisons of CM and DC-HAIF cultures (Rselect=0.928), as well as

in early and late passage cells (Rselect=0.9539) (Fig. §D). Hierarchical clusiering

retained a close simijarity to BGO2 and BGO3 cells maintained 1 CM (Fig. 8E).
These daia are consisient with previous analvses showing that undifferentiated hESCs
clostered tghtly compared o embryoid bodies or fibroblasts (Liu et al 2006, BMC
Dev Biol 6. 20). Thus. cells maintained in the compositions of the present invention
are able o maniam key markers of pluripotency. Accordingly, the compositions of
the present invention can be used as a simple mediam for supposting self-reneveal of

differentiable cells,

[00208] Example 7 Maintenance of Human Embryonic Stem Cells (BESCy)
on Humanized Extracellular Matrices (ECMy) in DOC-HAIF

2

{00209} To investigate the role of ErbB2 signaling and develop a defined media
for hESCs, DC-HALF cultures were imitially expanded on cullure dished coated with
growth factor-reduced MATRIGEL ™1:30, but could also be mamntained soccessfuly
fong~lerm on this substrate difuted 1:200 (Fig. 9A) or 110000 BGO2 and COvT4Y

RESCs could also be maintained for »5 passages on tissue culture dishes coated with
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hurtan serum (Fig. 9B); homan fibronectin (Fig. 9C) or VITROGRO™ {Fig YD},

which is a proprietary humanized ECM.

{00210} Example 8 ~ Ningle Cell Passaging of Huwman Embryonic Stem Cells
(RESCs)
{00211} Multiple research groups have demonstrated that certain triplodies,

nolably of hChri2 and 17, are accumuiated in hESCs under certain sub-optimal
culture conditions (Baker et al., 2007 Nat. Biotech 25(2):207-215). The appearance
of triplodies seems to be most divectly refated to poor cell survival when cultures are
split o single cells at passaging, providing a presumed strong selective growth
advantage for cells harboring these aneuploidies. Conversely, hESCs growing mn one
embodiment of the present mvention, DC-HAIF, mamtained high viabihity at plating
after being split to single cells (Fig 10A-D). BGO! and BGOZ cells maimtamed a
normal karvotype (Fig. 10E) after baing passaged with ACCUTASE for » 18 and
19 passages respectively. The mamtenance of normal karvotlype in cells demonstrated
that disaggregation of hESC cultures to single cells did not inherently lead to the
accumutation of these trisonves in bESCs maintamed v DC-HAIF. BGO1 and BGO2
cultures were also passaged by disaggregation to single cells with multiple passaging
agents (Fig 11} Cultures were sphit with ACCUTASE™, ¢.25% TrvpsyEDTA,

e

TivpLE, or VERSENE™ (EDTA} for 3 passages and karvotvped.  The data
demonstrate that cultuwring and passaging hESCs in the compositions of the present
myention mamtained a normal karvotype m at least two human embryonice cell hines,

using a varialy of cell disageregaiion raagenis.

{00212] Large-scale expansion of undifferentiated hESCs 15 also possible,
using the compositions of the present invention. A starting confluent culture of BGO2
cells in a 60 mm plate was expanded in DC-HAIF through 4 passages o generate
112 10" cells in 20 davs in a single experiment The cultures remained
undifferentiated, as demonstrated by »85% of the cells in the batch maintaining
expression of markers of pluripotency such as QCT4, CDY, SSEA-4, TRA~1-81 when
examined by flow cytometry (Fig. 12A). Expression of other markers of pluripotency

was also observed by RT-PCR analysis, while markers of differentiated lineages o-
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fetoprotein, MSXT and HANDI were not detected (Fig. 12B). Fluorescence in sifu
hvbndization analvsis demonstrated that the cells cultured and passaged m DC-HARF
maistarned expected copy numbers for hChei2 (98% 2-copy). hChrl7 (98% 2-copy),
RChrX (93% f-copy) and hChrY (98% T-copy) (Fig. 12C). Karvolyping analysis also
5 demonstrated that a normal euploid chromosome content and banding profile was

maintained 1 these cells.

00213} Example 9 ~ Fasulin ond IGFI Exert Different Effects on RESCy

When Applied at Physiolegical Concentrations

[00214] Essentially all of the reported culture conditions for hESCs to date
10 mclude supraphysiological levels of insulin, which can stumulate both IR and IGFIR.
To distinguish the activities that insulin and insulin-substitutes exert, compared to
FGF 1, hESCs are cultured in defined media conditions in physiological levels of these
growth factors. The concentrations of nsulin and IGF1 are titrated from about 0.2 to

about 2480 ng/ml. and cell proiferation s monitored bv counting cells after 5 days.

13 Culnwes thal expand successfully are seniallv passaged 3 times. Physiological levels
of 1GF] support the expansion of hESC coltures, whereas physiological levels of
msulin do not, indicating that the activity of msulin or insulin-substitutes cannot
replace FGF1, and that IGF1 and insulin {or mselin substitutes) represent separate
classes of biological activiites with regard {o action on hESCy.

20 [00215] Example 10— Methods for Screening the Effects of Supplementy
[00216] To instially examine the effects of Vitamin Byy and Vitamin By on the
growth or dilTerenuiation hESCs growing at an mtenmediate density, BGO2 cells are
spiit using ACCUTASE™ and 1 x 107 cellsiwell are plated in 6-well travs in defined
eulture (DC) media. The DC media contains 10 ng/mi, HRG-B. 200 ng/mal. LongR3-

25 IGFL and 10 ngémb FGFIQ Vilamin Bg (0.5 pM) and/or Vilamin By (0.5 pM) are

added to experimental wells. Cell numbers m each condition are counted after 7 davs,
Cell counting and colony counting of both experimental and control wells will

provide insight on the effects of Vitamin By and Vitamin B on cell growth.
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[00217] In addition, markers of differentiation, such as OCT4 can be assaved in
the experimental welf 1o determine the effects of the additives and supplements 1o the

differentiation state of the differentiable cells.

{00218] Example 11 — Calturing of hRESCS in the Absence of FGF2
5 {00219 BGO2 cells were maintained long term m DC-HAL for 20 passages

{Fig. 13A), and BGOL cells were also senally passaged in DC-HAL both n the
absence of FOF2, The culiures did not detertorate or exhibit overt differentiation, and
exhubited novmal expansion ol unditferentiated colomes throaghout the culture pertod.
The maintenance of a normal male karvolype in a BGO2 culture was demonstrated

10 after & passages in DC-HAI (Fig. 13B, 2020 normal melaphase spreads).

002240 Transcriptional analyses were used to compare ziobal expression in
hESCs cells maintained in DC-HAIF and DC-HAL Total cellular RNA was isolated
from hESCs wsing Trizol (Invitrogen) and was treated wilh DNase 1 (Invitrogen)

according to the manufacturer’s suggested protocol.  Sample anmwplification was

-
v

performed with 100 ng of total RNA using the llumina RNA Amplification kit and
labeling was achieved by incorporation of biotin~16-UTP (Perkin Elmer Life and
Analvtical Sciences) at a ratio of 1:1 with wnlabeted UTP.  Labeled, amplified
niatertal {700 ng per arrayv) was hybridized 1o Rlumina Senfnx Human-6 Expression
Beadchips containing 47296 transcupt probes according fo the manufacturer’s
20 mwstructions (Mlumima, oe) Asravs were scanned with an [llemina Bead Array

Reader confocal seanner and primary data processing, background subtraction, and

data analvsis were performed using THumina BeadStudio software according to the

manufacturer’s mstruchions. A swnimum detection confidence score of 0.99 {a

computed cutoff indicating the target sequence signal was distinguishable from the
25 negative controls) was used to discriminate the presence or absence of transcript
expression.  Data analysis was performed using parallel approaches described for
other hESC samples (Liu et al 2006, BMC Dev Biol 6:20). Hierarchical clustering
was performed as described previously (Law et al 2005, BMC Dev Biol 5:20), and was
based on average linkage and Euchdean distances as the similariiy metric using

30 difterentially expressed genes identified by ANOVA (p=u3.03). Detatled descriptions
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of the sensitivity and quality control tesis used in arrgy manufactore and algorithms
used in the Bead studio software are available from Hiemuna, Inc (S8an Diego, CA).
The majonty of transeripts detected were expressed in both DC-HATF and DC-HAT
BGO2 cultures, including known BESC markers such ag CD9, DNMT3, NANOG,
OCT4, TERT and UTF! (not shown}. High correlaiion coefficients were observed in
comparisons of DC-HAIF and DC-HAL cultures (R2 select=0.961}) (Fig. 14).
Hierarchical clustering analysis demonstrated that BGOZ cells maintained in DC-HAL
grouped tightly and retained a close simiarty to cells mamiamed i DC-HATFE, as
well as BGH2 and other hESC lines 1n multiple culivre formats (Fig. 15). These data
are conmistent with previous analyses showing that undifferentiated hESCs clustered
tightly compared to embryoid bodies or fibroblasts (Liu et al 2006, BMC Dev Biol
6200,

[00221] Furthermore, BG02 cells maintained in PC-HAD differentiated (0
representatives of mesoderm, endoderm and ectoderm i complex teratomas formed
i SCID-baige mice (not shown), formally demonstrating the maintenance of

pluripotency in cultures grown in the absence of exogenous FGF2.

100222} To exanune if exogenous FOF2 was required in the context of single
cell passaging. BGOL cells were passaged with ACCUTASE™ and grown in defined
conditions containing only 1 ng/ml HRG-H and 200 ng/ml LongRI-IGFT (DC-HI).
These DC-HI cultures were maintained for 10 passages, and did not exhubit overt

differentiation or a slowing of proliferation.

{00223} These studies clearly demonstrated that the provision of exogenous
FGF2 i not requited when hESCs are mamtaned in defined media mimimally
cordaining hereguhin and 1GFL Furthermore cullures absent FGF2 retained key
properties of pluripotency, including transcriptionad profile and differentiation to

mesaderm, endoderm and ectoderm in vivo.

j00224] Example {2 - Suspension Cultnrey
j00225] Starting cultures of BGU2 cells were mamtained in DC-HAIF mediun

on dishes coated with 1200 matrigel, as described herein and were sphil by passaging
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with ACCUTASE™  To nutiate suspension culture, BGO2 cells were disaggresated
with ACCUTASE™ and placed m low attachment 6-well travs at a density of 1.6, 3,
or 6 x10° cells/ml. (0.5, 1, or 2 x10° cells in 3 ml volumes) in DC-HAIF medium.
The travs were placed on a rotating platform at 80-100 rpm in & bumidified incubator
with 3% CO2. Under these condiions hESCs coalesced to small spheres of

morphologically viable cells within 24 howrs.

{00226} The medium in the wealls was changed on the second day. and every
dav therealter. Suspension aggregates continued to proliferate, growing larger over
fime without obyvious signs of differentiation (Figure 17)  Some of the spheres
continued to aggregate over the course of the culture, as some aggregales became
much larger than the majonty.  In addition, non-spherical aggrepates could be
observed i the process of merging during the first few days of the culture. Yo limit
this continued agpreganon, 38 up/mL DNasel was included 1 some suspension
cultures for the first 24 howrs. This approach appeared to be conducive to the imitial
aggregation, with relatively Targer, but fewer, aggregates formed 1 the presence of
DNagel. Tt g not clear. however, if the DNasel treatinent reduced the subsequent
merging of spheres and exposure o DNasel consistently made these aguregates

harder to break up when splitting.

j0G227] Suspension culiures were disaggregated with ACCUTASE™
approximately every 7 davs and new spheres were established. While the densities
varied in different experiments, spheres established within this range of densities (1.6-
6 x10° cells/ml) coutd be maintained in cultare for more than 12 passages, of >80
davs, without morphological signs of differentiation. FISH analvses of serially
passaged suspension hESCs were also performed to assess the chromosome number
for comimon aneuplodies. BGO2 cells that had been grown in suspension for &
passages exhibited normal counts for hChr 12 {96% two copy, n=T88), hChr 17 (97%
two copy, n=587), hChr X (97% one copy, n=724) and hChr Y (98% one copy,

n=6GR9),
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[00228] Example 13 - Expansion of Differentiable Cells in Suspension
Cultnre
00229 Linlike embrvoid body culiure in the presence of serum or inducers of

differentiation. suspension aggregates of hESCs in DC-HAIF did not appear to
differentiate. Obvious visceral endoderm was notl observed, neither was the formation
of struciuregs resembling proammotic eavities, both classic signs of embeyoid body
differentiation.  To examine the lack of differentiation more closely, cultures were
plated back into adherent conditions on MATRIGEL™ diluted 1:200 and cultured in
DC-HAIF. These cultures were also primanly undifferentiated, and did not exhibit
obvious morphological signs of ncreased differentiation such as the presence of

larger, flattened cells, or structured regions,

foe

00236 Cell counting was used 1o assess the relative growth rates of cells in
stspension compared to adherent culture. In this experiment, an adherent culture of
BGO2 cells was passaged with ACCUTASE™, and about 1x10° cells were placed in
parallel suspension or adherent cullure wells. Individual wells were counted on davs
1~6 and plotted on a log scale (Figure 18). While a higher initial proportion of hESCs
were viable after 24 hows in adherant culture (~90% vs ~14%), growth rates were
comparable thereafter. This indicated that hESCs could probiferate just as rapudiv in
suspension culiure as n traditional adherent culture,  Cell counts performed during
passaging gllows one to gauge the amount of expansion possible in this simple
suspension system. In several cultures seeded with 3x10° cells. approximatelv 10
cells, or more, weve generated afier 7 davs. The expansion affer 7 davs in suspension

culture equated (o about a 20-fold or more expansion. with the largest expansion

observed being ~24x the inpui cell number.
{00231} Example 14 - Characteristics of Differentiable Cells Expanded in

Suspension Culture

j00232] Quantiiative RT-PCR {gPCR) was used to conmpare gene expression in
hESCs grown in suspension and adherent culfure in DC-HAIF, Comparable levels of

OCT4, a marker of plhunpotent cells, were observed W both culture formats,

P )
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confirming that cuflures maintamned 1 suspenston were primandy undiferentiated.
SOX17, a marker of defimitive endoderm, was not expressed i either population of
hESCs. The qPCR analvsis also examuned the potential of suspension hESCs to
differentiate to definttive endoderm, as aggregates in suspension.  Adherent and
5 suspension hESCs were differentiated using parallel conditions. hESC cultwres were
treated with RPMI containing 2% BSA. 100 ng/mb Activin A, 8 ng/ml. FGF2 and 25
ng/ml. Wni3 A for 24 hours, followed by 2 davs in the same mediom without Wni3A,
The expression of OCT4 was downregulated, and expression of SOX17 upregulated
similashy 1w both defimtive endoderm samples compared (o andifferentiated hESCs.
10 This differentiation analvsis confirmed that hESCs cultured m suspension 1w DO~
HAIF maintained their differentiation potential, as evidenced by the likely Tormation

of definitive endoderm.

{00233] Example 15 — Addition of an Apoptosis Inhibitor in Suspension
Crlture
13 [p0234] To attenuate the loss of cells after indlial passaging i suspension, an

wmnhibitor of apoptosis was added to the mediom. Cells were passaged as in Example
12, except that Y-27632, an mhibitor of pl60-Rho-gssociated coiled~cotl kinase
{ROCK}, was added o the medium.

j00235] Suspension aggregates of BGO2 cells were formed by seeding 2x10°
20 smgle cells in 6~ovell dishes in 3 ml DC-HAIF mediam, at 109 rpm on a rotating
platform in an incubator (Table 2, Experiment A). 10 pM Y27632 ROCK inbibitor
was added to test wells for the course of the experiment and the cultures observed
daily and counted afler 24 houss (day 1) and after 4 or 3 davs. As shown in Figure 20,

~ r

addition of Y27632 had a profound effect on the nitial aggregation phase of
25 suspension culiure. Compared to cells aggregated in medium without inhibitor, much
farger aggregates were formed in the presence of Y27632 (Figure 20). Cell counting
confirmed that more viable cells were present in the presence of mbubitor (Table 2,
Experiment A). This difference i cell number persisted throughout the course of the
culture peried, with more cells also observed on day 4. compared to cultures without

3% nhibrior. As with previous suspension culture expenments, cells exposed to Y27632
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could also be serially passaged, and maintamed in an undifferentiated state {(not
showan).  When the aggregates were split agam, almost hwice as many cells were
observed with Y27632 treatment (Table 3 Experiment A).  RT-PCR analvsis
demonstrated that BGO2 cells grown in suspension culture in the presence of Y27632

remamed undifTerentiated (Figure 21).

[00236] Az previous experiments had shown thal growth vates of cells in
suspenston and adherent culture were sinular afier the inittal 24 hows, an experiment
was performed where Y27632 was removed after this witial period (Table 2.
Experiment B, Consistent with these previous observations, Y27632 enhanced initial
survival and aggregation of hESCs afler initial passage, but removing the intubitor
after 24 hours did not negatively ympact the mumber and viability count of cells
analvzed on day 5. Laxi0 (+Y27632) and 1.8x107 (+/-Y27632) viable cells were
generated when inhibitor was present compared to 3.9x10% cells in untreated cultures.
This analvsis confirmed that Y27632 had the largest impact during the first 24 hours

of suspension hESC culture.

00237} Because of the enbanced survival and sggregation observed m the
presence of Y27632, an experiment was performed to examine if it was possible to
reduce the number of cells used to seed suspension coltures (Table 2, Expeniment C).
Previous experiments had mdicated that seeding ES cells at a low densily of abowt
55107 cells per 3mL DC-HAIF, or less. did not work well, To determine if addition
of a ROCK inhibitor would allow cell seeding at lower densities, a range of cell
concentrations {from about 2x10° total cells down to about 1x10° total cells was used
to seed suspension cultures in G-well travs cells in 3 mL DC-HAWF. 10 gM Y27632
was added to all conditions, and the cell number and vigbilitv assessed on dav 5
Successtul aggregation and expansion was observed even at low seeding densities.
An approxumately 13 fold expansion of viable cells was observed even cultures that
were only seeded with 1x10° cells,  Inhibition of ROCK with Y27632 therefore

facilitated mitial survival ol hESCs at much lower densities in this suspension system.
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Tae 2 — Suspension Cultures with and without an Apoptesis Inhibitor

Expt § Treatment | Sceding el coms: wtad
{viable, %)
), day | pth, day 4 vl day 4
A HALF Ixr I R L L BHE R TR I IN T AT (22x 1,
5% J85Y
FY2TH32 1 2xB0T 1 LA OL2I0", Tavr | T8I0 (7 iR, G510 (4. 25005,
0194) G
pid, day 5
B 29 0T (35100, 264%)
/- IS LA IRENUIRTRSN O
¥27632 9694
Phoday 3
C +¥ 27632 Ixiof o H (160107, %496 | 1 dxi0 ob 2x10,
90*.’-"{1_}
1000 ] BISIOT AR, Ta%) | Ren 0’ (78100,
Q1%4)
Sy 46N {35107, 738 | SABON O30,
43%)
25307 2axEOT 23107 9y |2 T I00 (25105,
0194)
10 8P (507, TR T 0" (L 30N,
G2%)

Expt =Experiment; pO=passage 0, pl=passage 1; N/A=not available: Cell counts and
percentages are rounded to 1 and O decrimal places, respectively.

{B0238] Example 16 — Suspension Caltures in Various Media

{00239} To determine if suspensions of ES cells could be cultured in the

abgence of FGF2 and/or Activin A, ES cells were culiured in a varietv of meadia, with

~

and without these factors. Table 3 shows cell counting resulis from suspension
cultures and indicters that suspension culiwes could be successtully expanded m the
absence of exogenous FOF2 (HAT conditions), as well as without exogenous FGF2 or
Activin A (HI conditions). The addition of Y27632 mcreased the vield of cells
wvenerated by dav 5 m all conditions.  In addition, the cells i each media were

successiully passaged with no morpbological signs of differentiation.
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Table 3 — Suspension Cultures in Vartous Media

Treatment Seeding | Cell coumts: {otal (viable, %) TFold Expansion
i day 3
HALR 7.0 (6.5x10°, 83%%) 3.25
T (6.3x107, 919 313
G0 (S AR, 263
L3307 {1y, 63

[00240] Example 17 — Optimized shear rate results in increased survival,

uniform density and size of suspension cell aggregates

00241} It is contemplated that any cell line that can be nwimtaned in a
3 suspension cell colture will benefit from and can be utilized in accordance with the
svstems, methods and apparatus disclosed herein. Cells include, bat are not limited Lo,
manunalian cells, incloding but not himited © human cell fines CyT49, CyT203,
Cyi23, BGOT and BGO2, mouse, dog, and non-human primate stem cell fines, as well

ax others.

15 [00242] Resudts provided herein  mdicate that  cell proliferation and
differentiation can be maintamed at control levels or attenuated. depending on the
operating parameters of the reactor apparatus. particularly rate of culture How and
provided shear force. The shear force exerted on cell culiure can have sigmficant
gffects on cell prohiferation. A symmetrical svstem, such as a rotating platform

153 emploved herein, provides a oniform, primarily laminar, shear stress around the
vessel, while an asvnumetrical system and mounting, such as a stirred-tank broreactor,
has regions of turbulent flow that are charactesized by locally high shear stress. As
such, if the bio-reactor or cell-cullure apparatus 15 not a svmmetrical systen. the
direction of culture flow affects both the nature and the degree of a shear stregs that

20 resulis from rotation.

00243 Of course, optimal rotational speeds are culture specific and can vary
depending upon cell count in the cell culture, the viscosity of culture media, type of
media, the robusiness of the particular cells in suspension {some cells bemyg able to

withstand a higher fevel of shear forces than others) efe. Opumal rotational speeds are

i3
78

easily determuned for the particular set of conditions at hand. In particular, rotational

87



WO 2010/053472 PCT/US2008/082356

speads descnibed and contemplated heram are useful i order to maintain laminar flow
conditions. Therefore, the expenments described herein were under conditions where:
1) celt proliferation and differentiation was mamtained at or near control levels: and
2) conditions at which cell proliferation and differentiation was attenuated. The
following is a general method which works well for maintaning hES cell aggregate
cultures or differentiated hES cell aggregate coltures. One skilled i the art can
optumize the size and shape of the cell aggregates based on the description provided

herain,

00244 Table 4 below describes shear rate and stress as # relates {o the
drameter {pmy} of the cell aguregates. Human ES cells were aggregated for 1, 2, 3
and/or 4 davs at various rotation speeds using an orbital rotator {Barnstead Labline
Mulupurpose Rotator): 60 rpmy, 80 rpmy, 100 rpmy, 120 rpmy, 130 rpm, 140 rpm, 150
ypm and 100 rpm Table 4 also demonstrates that the effective shear rate experienced

by the cell aggregates depends on the diameter of that cell aggregate.
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Table 4 — Size of cell aggregates is dependent on shear rate and shear stress

Aggregate Rotation | Dimensionless| Shear Stress | Shear Rate

Diameter {uny) | Rate {rpm} Siress {dynesiom” 2} {1/sec)
200 140 0.94 318 322.24
1320 076 208 210142

100 0.598 124 12682

a0 0.43 .66 8705

60 .28 0.30 3017

173 140 072 242 24672
120 .88 1.58 16087

100 0.45 0.85 2710

80 .33 .50 5133

G0 0.22 2.23 2310

150 140 053 1.78 181.28
120 0.43 118 118,19

100 033 070 71.34

80 0.24 037 3771

&0 0.16 .17 18,87

126 140 0.37 123 125.88
128 0.30 g.80 342.08

108G 023 .49 4804

a0 07 .26 2619

50 011 .12 11.79

100 140 024 0.79 B80.56
120 0.19 .51 52.53

100 0.18 4.3 3171

80 .11 .16 168.76

&0 0.07 .07 7.54

fO0245] To determine how rotation speed controls the diameter of ES

ageregates, we penerated ES aggregates by rotation at 100rpm, 120rpm or 140rpm,
Aggregate diameters were quantifated from 3X phase contrast images taken after 2
days m rotation culture. For the 190rpm culture, the average diameter +/- SD was
198pm +4 2hum. For the 120rpm culture, the average diameter +/~ 8D was 225um
+/- 28um. For the 140rpm culture, the average diameter +/- SD was 8Sun +/~ 15um.
Each diameter distribution 18 statistically sigmificant {(p<.001} using ANOVA and the
Tukey Mudtiple Comparison posi-test.  As shown m Table 4, the shear rate increases
exponentially from 6Orpnt o 140rpmy, e.g.. the shear rate for a 100 ym diameter
aggregate was approxymately 30 sec-1 at 100 rpm and approximately 80 sec -1 at 140
rpm, which 1s about a 3-fold nerease. Tvpreallv, rotation spesds above 140 rpm
resulled in larger, less umiform hES cell aggregates. Cell aggregate cultures can also

be cultured inially at reduced rotation speeds. e.g., 60 rpm to 80rpm for gbout 1 day,

89
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and then cultured at a higher rotation speed thersafter (eg. 100 ypn-{40rpm ore

more) wilhout any deletenous effects o the size and or shape of the cell aggregales.

j00246] H o mmporlant fo note, that although the diametess of the cell
aggregates varied accordingly with the shear rate, there were no profound effect in
gene expression among the various conditions, i.¢. different rotation speeds andfor
different size and shaped cell ageregates. That is, the signature markers observed for
the pluripotent bES cells or the hES-denved cell tvpes {eg, defimtive endoderm.
foregut endoderm, PDX1-endoderm, pancreatic endoderm and endocrine cells) were
congistent with what that descrtbed in &"Amour et al., supra and related applications

incorporated herein by theur reference.

0024 7] To determine the effect of rolation speed, shear rate and shear stress on
cell survival or cell vishility, it was demonstrated thal survival was improved by a
single day at reduced speeds {e.g.. 60 rpm to 80 rpm). For example, cell survival
ranged was at least 60% or hugher at rofation speeds between 60 rpm to 140 pm
Also, the mumber of cell aggregates was higher at dl, d2 and d3 i the reduced
rolation speed cultures as compared o higher rotation speads (e g., 100rpm or higher).
There was also significant disruption and disaggregation when cell aggregates were
cuttured at the higher rotation speeds (e.g.. 14thpm or higher). Taken together, these
data ndicates that cell survival is inereased when the cell aggregates were first
cultured for at least a single dav at reduced rotation speed, however, there was no
significant drop m cell survival when rotation speeds were mncreased to 100rpm to

140rpoy although, differentiation at rotation speeds less than 140 rpm s preferrad.

[{00248] Also, culture volume effects shear rale and shear stress which tn han,
as discussed above, affects wafornuty of size and shape of the cell aggrepates. For
example, when single cell suspension cultures are frntiated to form cell aggrepates in
6mi. as compared to those initiated i 4mb resulted in a mwore uniformly sived and
shaped cell aggregates. See FIG. 23, whereby the diameters of the cell aggregates
varied from fess than S0 pucrons to greater than 250 microns when cultured using
4mb, whereas when cultured in 6ml, the diameters were had a ughter range and

ranged from greater than 50 nucrons to fess 200 microns. Although the described cell

G

PCT/US2008/082356



WO 2010/053472 PCT/US2008/082356

aggregates were mutiated from single cell suspension cultures made [rom adherent
hES cell cultures, cell aggregate suspension culfures inittated from hES-derived
adherent plate coltures would be expected to behave sinalarly. Thas, the volume of
the media is likelv independent of the stage whereby cell aggregate suspension

5 cubiures are mitated.

[00249] Moreover, hES cell aggregates can be cultured in a vanety of diullerant
media conditions.  For example, hES cell aggregale culiures can be mantained in
StemPro® containing medig, m DMEM/F12 containing media; or DMEM/FI12
containing 20% Kaockout serum replacement (KSR, Invitrogen) mediar or either

10 StemPro® and DMEMFI12 media further containing 20 ng/mb. FGF (R&D Systems)
and 20 ng/mb Activin A (R&D Systems), or SlemPro® and DMEM/FI2 media
further contaiming 14 ng/ml. Heregulin B. Alternatively, any of the media mentioned
herein and those comumercially available can also be used supplemented with xeno-

free KSR (Invitrogen). Lastly, cell aggregates were also produced and coltured in any

L0

of the above media and further not contaning exogenous FGF.

00250} Example 18 — hES cell aggregates in suspension can differentiate to

endoderm-lineage fype cells

jO0251] Human embryonic stem (hES) cells were maimntained and diflerentiated
in vitro to definitive endoderm (stage 1), foregut endoderm and PDX1 endoderm
20 substantially as described in 4" Amouwr et al. 2006} sigrre. and LS. Palent Application
Publication Number 2005/0266334, 20050158853, 2006/0003313, 2006/0148081,

2007/0122905 and 2007/0259421, which are herein mcorporated mn their entiveties.

{00252] Briefly, undifferentiated pluripotent hES adherent (plate} cells were

mainiained on mouse embuvo {ibroblast feeder lavers (Mallipore, formerly Chemicon

ra
h

or Specialty Media) or on human serum coated 60mm plates (01 to 20% final
concentration; Valley Biomedical) in DMEM/F12 (Mediatach) supplemented with
20% KnockOut serum replacement (Invitrogen/Gibeo), 1 mM nonessential amine
acids  (Invitrogen/Gibeod,  Ghtamax  (Invitrogen/Gibeo),  penicidlindstreptomycin

(Ilnvitrogen/ Gibeo), .35 mM 2-mercaptoethanol (Invitrogen/Gibeo) and 4 ngfml. to

foc
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24 ng/mb recombinant buman FGF2 (R&D Svstems). Altematively, the above media
can be supplemented with KSR Xeno-free {Gibco) and human serum.  Also, human
serwn has been added to the calture afler the hES cells bave been seeded on ancoated
cubture plates. Low dosages of Activin A (3-25 ng/ml, R&D Svstems) were added to
5 the growth culture medmum to help mamntain undifferentiated growth. Adherent
plunipotent hES cells at dav 0 (d0) express fugh levels of ploripotent protein marker,

OCT 4. See FIG.1, panel A, plate contrels at d0.

00253 The cells were either manually or enzymatically passaged again
substantially as described in " Amour et al.. supra. The suspension cultures were
10 dissociated and fransferred {o a comcal tube and centrifuged at 1000 rpm {or about 3
minutes. The supernatant was removed and a standard celf count using a ViCell Cell
Analvzer was performed. Typical cell numbers from a 60mm plate range from 3x10°
to 12x10° cells, depending on cell fine, and the number of davs in culture prior 1o

passage. Onee the number of cells in the primary cell suspension was determuned, the

L0

suspenston was further dihuted with StevoPro® or media contaning xeno-free KSR as
described above to a final volume of 1 x 10° cells/mL. This volume can be increased
to >4 x 10" celle/ml. but may require more frequent feeding. ROCK inhibilor Y27632
(Axxora) was added lo the cell suspension {o a final concentration of about 1-15 puM,
typically 10 pM, and the tube was mixed by gentle mversion. In same cases, Y27632
20 was pot added to the suspension 1 order to control the rate of aggregate formation.
The resuspended cells were then distnibuted equally into each well of a low binding 6-
well dish (about 5 mL of cell suspension per welly and placed on the rotating platform

at 100 rpm to 140 rpm for about 1-4 davs prior to differentiation.

[00254] During this culturing period, hES cell aggregates formed and the

[
R 4

cultures were fed at least 1-2 times datly by replacing 4ml. of media with dml. of
fresh StemPro® media minygs Y27632, or any of the descrnibed media supplemented
wilh xeno-free KSR, Madia exchanges ("feeding™) should be performed as quackly as
possible o disrupt or prevent any agglowmeration and to break the surface tension that
may cause sgerepates to float dunng rotation. Also, to optimize growth and

30 uniformity of the size and shape of the cell apuregates, the cell aggregates should not

be removed [rom the rotating platform or apparatus for any {ong pertod of time. Thus,
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hES cell aggregates can be produced from hES cell adherent cultures which have been

well established i the art

j00255] The hES cell aggregates can now be directly duferentiated as

aggregates i suspension and substantially as described in D’Amour et all (2006)

7

supra. Briefly, the StemPro®: (minus Y27632) media or anv of the described media
supplemented with xeno-free KSR was removed [rom the wells {e.g. aspuated), and
the hES cell aggregates washed with 5 mb of RMPT with no serom {Cat 15-040-CV:
Mediatech), Penmicillin/Streptonwemn (Invitrogen) and Glutamax (Invitrogen} {also
referred 1o as RMPL, Pen/Strep and Glutamax medza), (% FBS, 1% PenSuep, 1%
10 Glutamax. The o-well dish was then placed back on the rotating platlorm lor 1-2
minutes before the wash media was removed. This was repeated at least twice or untit
msulin andfor FGF-1 has been sufficiently removed, because although necessary for
matntenance of plunipotency and ES self renawal, the same factors are detrimental o

controfled, svachronous, lineage-direcled  differentiation. Differentiation to  all

L0

endoderm-lineages by adding snd removing various exogenous nulogens was
performed at 100 rpim substantially as deseribed by d”Amour et al. (20006), supra, and

described i more detail below.

[00256] ifferentiation to deflinitve endodersm (stage 1}
jO0257] Human ES cell aggregates were differentigied m RPMI, 100 ng/mL

20 activin A and varving concentrations of FBS (US Defined FBS, HyClone, catalogue
no. SH3G070.03), and 23ng/mi. - 75 ng/ml. Wot3a for the {irst day. and in RMPY,
Pen/Strep and Glutamax media, further contamming {00 ng/mlb activin A and varving
concentrations of FBS (HyClone) for the second and third davs {d0 to d2} In most
differentiation experirients FBS concentrations were 0% for the first 24 hours (d1).

25 0.2% for the second 24 hours {d2), and 0.2% for the third 24 hours (d3), i a three day

stage | protocol was used or desired Preferably a iwo dav stage 1 protocol 13

performed.
JOG258] QPCR analysis of hES-derived cell ageregates in suspension cublure at

the end of a 2 day stage 1 protocol indicates highly eflficient directed differentiation of
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hES aggregates to defimitive endoderm as compared to the adherent plale controls,
Cell aggregates were formed at 100 rpm, 120rpm and 140rpm. In some experiments
hES-derived aggregates were transferred to bioreactors {spinner flasks) prior to
differentiation.  Adherent hES cel cultures as well ag hES cell cultures differentiated
to defimitive endoderm cells were used as controls. Increased expression levels of
SOX17 and FOXAZ was observed in the cell spgregates in suspension and the
adherent culture and as compared to undifferentiated hES cell aggregates and
adherent plate confrols. See FIG.22, panels € (SOX17) & D (FOXAZ) at stage 1 (d2).
Moreover, expression levels of SOX7, a gene associaled with confaminating extra-
embrvomie and visceral endoderm, was significantly reduced m the defimitive
endoderm cell apgregates as compared to the definitive endoderm adherent plate

controls. See FIG.22, panel L af stage 1 {(d2).

[00259] Flow cyvtometnic analyses psing CXCR4 and HNF3beta (FoxAZ2}
proten indicated that directed &ifferentiation of ES cell-derived aggregates resulted in
aggeregates that were at least 97% CXCR4-postitve. at least 97% HNF3beta-positive
and at feast 93% CXCRA/HNF3beta co-positive.

{00260} To further evaluate the efficiency ol hES cell aggregate differentiation,
crvosections of ES-derived celt aggregates were examined for SOX17 and HNF3beta
gxprassion using immemocyiochemistry and confocal microscopy. Image analysis of
the stained cryosections demonstrated that greater than ~90% of all cells at the end of

stage 1 {delimttive endoderm cells) expressed HNF3beta and/or SOX17.

{00261} These data all indicate that highly efficient dilferentiation of ES cells
as cell aggregates can be achieved, and based on the expression levels of signature
definitive endoderm markers, the methods for produang defimtive endoderm as

described herein are more efficient compared to differentiation of adherent plate

cutiures.
j00262] Differentiation to POXT-neeative foresut endoderm cells (stave 2)
j00263] Human definitive endoderm cell aggregates [rom stage 1, were briefly

washed m PBS+/+ and then differentiated inRMPIL, PendStrep and Glulamax media,

94
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further containing 2% FBS, and 23ng - Shng/mL KGF (R&D Systems) for another 2
or 3 davs. In some experimenis 5 pM SB431542 (Sigma Aldrich, Inc) or 2.5 yM
TGF-beta Inhibitor TV {Calbiochem) was added during the first dav of stage 2; and
aliernatively  with RMPL  Pen/Strep and  Glolamax  media/d.2% FBSATS

(insutin‘transfernindselentum).

H00264] QPCR. analysis was performed sobslantially as discussed above,
Increased expression levels of HNFibeta and HNF4alpha was observed in the celt
agaregate cultures as compared 10 the adherent plate controls. See FIG.22, pancls E
(HNFIB) and panel © (HNFdalpha) at stage 2 (d43). Methods of producing the
specific stage 0, 1, 2 and 3 hES or hES-derived cell aggregates {or “dAggs™ for
differentiated aggregates) were slightly modified in panel 0. Differentiated cell
aggregates in thus context refers to differentiated hES or hES-derived cell aggregate
cudtwres  which were nttiated  from  adberent plate control cultwes, of the
corresponding stage, from which they were dertved.  For example, at stage 1,
difterentiated cell aggregates ("dAggs™) suspension cultures were started from a stage
¢ adherent plate and incubated 1 any of the media deseribed herein for abowt 24h ona
rolating platform at {00rpm to 140rpm. These differentiated cell aggregates were
then further dillerentiated 1o stage | delinitive endoderm cells with the corresponding
adherent plate controls. Figure 22, pangl O, shows that there 18 no sigmiicant
HNF4aipha (HNF4A) expression in etther the stage 1 differentiated cell aggregates or
the adherent plate controls. In contrast, a sumitar method was carried oul for stage 2
samples and produced increased expression level of HNF4A. HNF4A expression is

also robust for stage § samples.

{00265] Moreover, expression levels of genes associated with extra-embrvonic
endoderm (SOX7) was significanily seduced in the hES-derived cell aggregate
cultures as compared to the plate controds. See FIG.22, panel L at stage 2 {d35). Thus.
demonsirating that divected differentiation of PDX1-negative loregut endoderm cells
bv wav of cell aguregates in suspension culture removes extra-embrvonic endederm

conaminanis.
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[00266] Taken together, these data all indicate that directed differentiation of
hES cell aggregates 1s highly efficient, and based on the expression levels of signature

PDXl-negative foregut endoderm markers, the methods for producing foregut
endoderm cells are improved as compared to differemtigtion with adherent plate

5 culures.

[00267] Differenticion o PDX T -positive foreeur endoderm cells Glage 3)
{00268} Foregul endoderm cells from slage 2 were further differentialed in

RMPT with no senum, Glotamax (Invitrogen) and penicillin'streptoroyain (Invitrogen).
plus 53X B27-supplement {lnvitrogen/Gibeo), and either 1 uM to 2 uM retinotc acid
o (RA, Sigma) and 0.25 nM KAAD-cvclopamine (Toronto Research Chemicals) for |
10 3 davs: or T ud to 2 uM retinoic acid, 0.25 nM KAAD-cvclopamine plus 53¢
ng/mi noggin (R&D sysiems). Alternatively, 0.2 aM to (0.3 pM RA and (.25 nM
KAAD-cyclopamine was added to the media for one day. Sull, in some experiments

o RA or KAAD-cvclopamine was added to the cell aggregate cultures. Still in other

LA

embodimenis elfeclive concantrations of €11 - 0.2% BSA were added.

{00269} Increased expression levels of PDXT were observed in hES~denived
cell aggregates as compared to the adberent plale controls.  See FHG.22, panel F
{PDX1) at stage 3 (d8). Moreover, expression levels of genes associated with extra-
embryonic endoderm (SOXT) and visceral endoderm (AFP) was significantly reduced
20 1o the hES-derived cell aggregate cultures as compared to the plate controls. See
FIG.22, panel L (SOXT7) and panel N {AFP) at stage 3 (d&). Thus, demonstrating that
directed differentiation to produce PDX1-posttive foregut endoderm cells by way of
cell aggregales i suspension  culture removes extra-embayonic  endoderm

contamnants,

ra
h

[00276] Taken together, these data indicate that the directed differentiation of
hES cell aggregates is hughly efficient, and based on the expression levels of signature
PDX1-positive endoderm markers, the methods for producing PDXi-positive
endoderm are improved as compared {o the adherent culture controls as compared fo

the adherent plate controls,
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{0027 Iiterenfigiton _to pancreatic _endoderm_or_pancreatic endocring
progenitor cells (stage 41
j0G272] At stage 4, RA 15 withdrawn from the stage 3 cuitures, the cultures
were washed once with DMEM plus B27 (11100 Gibeo), and then the wash i

replaced with erther DMEM+IXB27 supplement alone or with any combinations of
or any or all of the following factors:  Noggmn (30 ng/ml), FGF10 {50 ng'ml), KGF
(253-30 ngdml), EGF (25-30 ng/ml), 1-53% FBS for 4-8 davs. In cases where no RA
was added, noggin gt 30-100 ng/mb (R&D systems) was added to the media for 1-9

davs. Further, in some experiments FGFH at 23 ng/mL was also added.

00273 Increased expression fevels of NKX6.1 and PDX-1 and PTF1A was
observed 1 the ES cell-derived aggregates and the corresponding adherent plate
controls. See FIG.22, panel F {PDX1), panel G (NKX6.1) and panel P (PTFAL) at
stage 4 (d11). In FIG 22, panel P, the bar chart depicts results from methods for
determine whether hES andfor hES-derived cell aggregates in suspension were
affecied by the number of cells wn an adberent plate cudtwre from which they are
derived.  Although. Panel P only shows results for 1 x 107 cells, cell-aggregate
suspension cultures were started from varions seed counts, eg. 1 x 10° 0 2 x 10
cells. All were substantially similar and produced cell aggregate cultures which had
good viability and hitle celi demth.  For example, at stage 4, differentiated cell
aggregate suspension cultures ("dAggs™) were started from a d5 {stage 2) adherent
plate, and again incubated it any of the medig described heren for about 24h on a
rolating platform at 100rpm fo 140rpm. These differentiated cell agurepates were
PTFIA (panel P). As compared to the corresponding stage 4 adherent plate controls,

there is increased expression of PTFIA

[00274] Maoreover, expression levels of AFP were sigmiicantly reduced in the
hES-derived cell aggregates as compared 1o the adherent plate controls. See FIG. 22,
panel N at stage 4 {d11). Thus, demonstrating that directed differentiation to produace
PDX1-positive pancreatic endoderm cells by way of cell aggregates in suspension

culture removes visceral endoderm contanunants.,
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[00275] Flow cviometric analvses using NKX6.1, HNF3beta and
Chromogranin (CHG) protein indicated that directed differentiation of hES-derived
cell aggregales resulted in cell aggregates that were at Jeast 33% CHG-positive, at

teast 40% NKX6.1 and CHG co~positive, and small amount of HNF3beta and other

S tvpes of cells.

[00278] Crvosections of hES-derived aggregates weare examined for NKXG6.1,
PDXT and NKX2.2 expression using imnwmocvtochemistry and confocal nucroscopy
at the end of stage 4. Tmage analvsis indicated highly efficient differentiation of
aggregated cells {o pancreatic endederm (or PDX1-positive pancreatic endodermy),
10 with neasly all cells expressing PDX1 and a large populations of cells expressing

NKX6.1 (approximately 40% of cells) anddior NKX2.2 (approxamately 40% of cells).

0277 Differentiotion to formone expressing endocrine celis {stage 3)
[00278] For stage 5 differentiation, stage 4 dilferentiated cell aggregates were

continued in either CMRL (Invitrogen/Gibco) or RMPI, PervStrep and Glutamax

-
v

media, and (.3X B27-supplemient. In some experiments media was also
supplemerted with homan serum {Valley Biomwedical) or fetal bovine serum at

concentrations ranging from 0.2-5% dunng stage 5,

[00279] Again, similar o the cell tvpes from the stages 2-4, increased
expression of genes associated with the specific cell tvpe was observed as compared
20 o the adherent plate controls. For example, increased expression levels of hormones
msulin (INS), glucagon (GCG) and somatostatin (88T) were observed. See FIG22,
panel T (INS). panel I (GCG) and panel K (SST) at stage 5 (d15) Moreover,
expression levels of AFP and ZICI, a gene associated with ectoderm, was

significantly reduced i the hES-devived cell aggregates as compared to the adherent

ra
h

plate controls. See FIG. 22, panel M (ZICH) and panel N (AFP) at stage 5 (d15).
Thus, demonstrating that directed differentiation to produce pancreatic endocrine cells
by wav of cell agaregates i suspension culture removes ectoderm and visceral

endoderm contaminanis.
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jO0286] Production of hES-denived hormone expressing endocrine aggregate
cells was confirmed by Bow cytometric analvses on Day 23 of the descnibed protocol.
Aggregates were mitially formed at 140rpm in 5 ml. DMEM/FI2, allernatively
comprising knockout serum replacement (KSR, Gibeo/invitrogen compare 0063 for
consistency} or xeno-free KSR {Invitrogen} and then differentiated at 100rpm.
Analvsis of NKX6.1, Chromogramn A, insulin, glucagon and somatostatin protein
expression indicates that ES cell-denved aggregates are comprised of ~20%
NKX6. 1+ /Chromogranin A- pancrﬁeamc epithehum and ~74% Chromogranin A+
endocnne tissee. Moreover, 11% of the cells express msulin, 14% express glucagon
and 11% express somatostatin. OF these. 68% of the insohint cells are single positive,
70% of the glucagon+ cells are single positive and 32% of the somatostatin-positive
cefls are single positive. This degree of single hormone positivity exceeds the values

described for adherant cultures which were mostly polyhormonal calls.,

{00281} To further evaluate the efficiency of aggregate differentiation lo
hormone expressing endocrine cells, orvosections of ES-denved aggregates were
examined  for  glucagon. insulin and  somatostalin expression  using
wmmunoeyviochenustry and confocal microscopy durng stage 3. Image analvsis of
crvosections at 20X mdicates highly efficient differentiation of aggregated cells to
hormone postlivity, with nearly all cells expressing glucagon, somalostatin or insulin.
Also, m contrast o previous adherent culture experiments, a majonty of the cells in
the aggregate appear to express a smgle hovmone, as ocowrs i vivo during

development.

{00282} Example 1% — Adherent cultures from various stages can form cell

ageregates and differentiate to pancreatic endoderm type cells

[00283] The following demonstrates that production of hES-derived cell
aggregates can be nitiated not just from pluripetent hES cells but cell aggregates can
be imtiated directly mio a differentiation media (day ¢ cell aggregates} as well as from

differentiated or hES-denved cells, for example, cell aggregates can be produced from

stages 1, 2, 4 and 5 or hES~derved cells.

9y
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[00284] Dy O cell avoregares
[00285] Cell aggregates produced on the first day (d0} of stage 1. Adherent

phaipotent hES cells were grown, manaally or enzy matically passaged, disassociated,
counted, pelleted and the pellet resuspended to a final volume of about 1 x 10°

cellsimL 10 4 x 10° cells/ml in differentiation media base containing RMPI,

7

Pen/Sirep and Glutamax media, and further containing 100 ng/ml activin A, and
2l ~ 73 ng/mb Wat3a, 0.2% of FBS (HyClone). This volume can be increased
(0 =4 x 10% cells/ml but may require more frequent feeding. Sometimes DNase was
mcluded at a concentration of 10-30 ng/ml. In some cases the ROCK inhibitor
10 ¥27632 (Axxora) was added to the cell suspension 0 2 {inal concentration of 1-13
uM, typically 10 uM Sull m other cases about 1:2000 to 15000 of ITS
{insulinfransternindselenium, (nbeo) was added o the cultures. Both the Rho-kinase
mhibitor and ITS were added to support cell survival. Resuspended cells wers
distributed equally into each well of a low binding 6-well dish substanbially as
15 described above, and placed on the rotating platforny gt 100 rpm 1o 140 rpm overmight.
Durning this culturing period, cell aggregates of umform size and shape were formed.
Consequently, the higher density cultures effectively enriched or substantially
enriched for PDXli-positive pancreatic endoderm or PDX-positive pancreatic

progeniior tvpe cells. Further details are provided in Example 21.

20 j00286] Cell aggregates produced on df of stage 1. were then fed up o 1-2X
daily with further differentiation media comaming RMPL, Pen/Strep and Glotamax
media, and Farther coptaming 100 ng/ml. activin A and 0.2% of FBS (HyClone) for
the next 2-3 davs. Subsequent steps (stages 2-3}) of the protocol are substantially as

deseribed above for ES aggregates.
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[00287] Siawe | - day 2o day 3
[00288| {ell aggregates produced on d2-d3 of stage |: Adherent hES cells were

erown and passaged substantially as deseribed above and then diuflerentiated to stage 1

substantially as deseribed in d”Amour et al. (2006}, sipra,

[00289] Adherent cultures at the end of stage | (about d2 or d3 into the
differentiation protocol; definitive endoderm type cells) were washed 1x with PBS-/-
and disassociated to single cells with 2 mb of pre-warmed Accutase for about 2-5
mimges at 37°C using a 1 ml or 5 mb pipet. Then 4 mL of 10% FBS in RMPL,
Pen/Strep and Glutamax  media was added and the single cell suspension filtered
through a 40 micron blue filter (BD Biosciences) mto a 50 mb comcal twbe. The

cells were counted and pelleted {centrifuged) substantially as described above.

00298 The cell pellet was then resuspended i RMPL, Pew'Strep and
Glulamax  media, further contammyg 2% FBS, plas DNase (50-100 pgfml, Roche
Diagnostics) and 100 ng/ml activin A. Alternatively the cell pellet was resuspended
m RMPL, Pen/Strep and Glutamax media, plus 2% FBS, and DNase {30-100 pg/mi.),
25ng - S0ng/ml KGF (R&D Systens)  In some experiments 5 pM SB431542
(Sigma Aldnich, Inc ) or 2.5 pM TGF-beta Inhubitor IV {Calbiochem) was meluded
with the KGF).  In some expeniments Y27332 {10uM) was included. Resuspended
cells were distributed equally into each well of a fow binding 6-well dish substantally
as described above, and placed on the rotating platforny at 100 pm to 144 rpm

overmight, during which time cell ageregates of uniform size and shape were {formed.

{00291} Cell aggregates produced at the end of sfage 1 were then further
differentiated. Subsequent steps (stages 2-3) of the protocol are substantially as

described above for ES aggregates above in Examples 17 and 8,

{00292 Stage 2 day 3 o dav 6
{00293} Cell aggregates produced on d3-d6 at stage 2: Adherent hES cells were

erown and passaged substantially as deseribed above and then dufferentiated to stage 2

substantially as described i & Amour et al. (2006}, sigwra. For slage 2. adherent cells
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from stage | were brielly washed m PBS+/+ and then further differentiated in RPMI
sapplemented with 2% FBS, Glulamax, penicitlin/streptomycin, and 25ng - Sng/mL
KGF (R&D Systemns) for 3 davs.  In some experiments SuM SB431542 (Sigma
Aldrich. Inc) or 2.3 uM TGF-bety Inbibitor IV (Calbiochem) was added during the

3 fust day of stage 2.

00 294] Adherent cultures at the end of stage 2 (about 45 or d6 e the
differentiation protocol; Toregut type cells) were disassociated to single cells, counted
and pelleted substantially as described above. The cell pellet was then resuspended in
differentiation media contaiming DMEM, Pen/Strep and Glutamax media, further
10 coptamning 1X B27-supplement and DNase (530-100 pg/ml, Roche Diagnostics) and
noe FBS or 1-2% FBS or 9.5%-10% human serum (hS) and either 1 uM 1o 2 uM
retinoic acid (RA, Sigma) and 0.25 nM KAAD-cvclopamine {Toronto Research
Chemicals); or 1 gM to 2 uM retinoic acid, 0.25 nM KAAD-cvclopamine plus 50
ng/ml nogem (R&D systems), or .25 oM KAAD-cvclopamine plus 190 pg/mi,
15 noggn; or 100 ng/mb noggin, or 0.2 uM to 0.5 uM RA and 0.25 nM KAAD-
evclopaming: or 0.2 uM o 0.5 uM RA and 0.25 aM KAAD-cvclopaming plus 36

ng/ml noggin. In some experiments Y27332 (10uM) was included.

[00295] Resuspended celly were distributed equally mto each well, and placed
on the rotating platform at 100 rpm to 140 rpm overught, during which time cell

20 aggrepates of uniform size and shape were formed.

~

j00296] The cell aggregates produced at the end of stage 2 were further
differentiated on the rotating platform and fed 1-2X daily for 9-2 additional days with
DMEM, Pen/Strep and Glutamax media, further contatming  1X B27-supplement
either 1 uM Lo 2 1M retinoic acd (RA, Sigma) and 0.25 nM KAAD-cvelopanane
25 (Toronte Research Chemicals), or 1 pM o 2 pM retinotc acid, 0.23 nM KAAD-
cvelopamine plus 30 ng/ml. noggin (R&D svstems); or $1.25 nM KAAD-cyclopamine
plus 108 pgfml noggin; or 100 ng/mL noggin; or 0.2 uM to 0.5 uM RA and 0.25 nM
KAAD-cyclopaming; or 0.2 uM to (0.5 uM RA and 0.25 nM KAAD-cvclopamine

plus 50 ng/ml noggin,
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[00297] Cell aggregates produced at the end of stage 2 were then further

differentiated to stages 3, 4 and 5 substantially as described above.

00 298] Stawes 4 and 3 - day 10 1o day 30
{00299 Cell aggregates produced on d10-d14 at stage 4; Again, adherent hES

cells were grown and passaged substantially as described above and then
differentiated to stage 2 substantially as described above and in D Amour et al.
(2006}, supra.

[00300] For stage 3, adherent cells from stage 2 were further differentiated in
DMEM, Pen/Strep and Glulamax media, fwether contaming  1X B27-supplement, and
gither 1 uM to 2 pM RA and 0.250M KAAD-cyclopamine for 1 1o 3 days. In other
cases, 0ngml noggin was added along with the RA and KAAD-cyclopaming
Alternatively, 9.2 uM to 0.5 uM of RA and 0.25 M of KAAD-cyclopamine was
added to the media for jusl one day. Suéil, in other experniments no R4 or KAAD-
evclopamine was added on any day. At slage 4, cells were fed 1-2X daily with
DMEM  supplemented with Glutamax, penicillin/stretopmoyvan, and 1X B27-
supplement. Stage 4 cells can be {urther differentialed to staged cells as already

described 1 Examples 17 and 8.

[0G301] Adherent cullures al either stage 4 (sbout d10 - di4 into the
differentiation protocol; pancreatic epithelial and endocrine lype cells) or stage 3
(about day 16 1o day 30 info the differentiation protocol. endocring precursor and
endocnne cells) were similarly dissociated nto single cells, counted, and pelleted.
The cell pellel was then resuspended in DMEM CMRL supplemented Pen/Strep and
Ghutamax, and 1X B27-supplement and DNase (506-100 ug/mi, Roche Dhagnostics)
angd 0-2% FBS. In some experiments Y27332 (10ud) was included which supported
cell survival. Cells were equally distributed into 6-well plates and placed on a rotating
platform at 100 rpm to 140 rpm form 4 hours o overnight substantially as described

agbove.

{00302} Furthermore, the cell aggregates produced al stage 2 and at stage 3 as

in Examples 17-19 were effectively enriched for pancreatic cell types as compared
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with adherent plate coltwres from which they were derived. For example, in one
tvpical expeniment cell aggregates produced at stage 2 and analyzed by flow
cytometry at stage 4 consisted of at least 98% pancreatic cell types (73%%
Chromogranin A positive endocrine cells and 23% NKkx6.1 positive pancreatic
endoderm {PE)), and 2% non-pancreatic cell tvpes: whereas lhe adherent plate
cultures from which the cell aggregates were derived consisted of about 73%
pancreatic cell types (33% Chromogranin A positive endocrine cells and 40% Nkx6.}
positive PE}, and 27% non-pancreatic cell types. Thus, aggregation af stage 2 can
effectively enrich for progemitors that give rise to pancreatic cell-types, and deplete
for non-pancreatic cell tvpes. Similarly. v a tvpical experiment, cell aggregates
woduced at stage 3 and analvzed by flow cviomelry consisted of at least 73%
Chromogranin A positive endocnine call types, whereas the adherent plate culture
from which the call agyregates were derived consisted of aboul 23% Chromogranin A
positive endocrine cell tvpes. Hence, aggregation at stage S can effectively ennich

pancreatic endocrine cells,

[00303] The methods described herein, therefore, provide methods for
improving not only effictency of directed-differentiation of hES cells in cell aggregate
suspensions, but also provides methods for reducing hES-derived pancreatic cell tyvpes
{or aggregales) having contanunant populations {e.g. ectoderm, tophecloderm,
visceral endoderm, and extra-embrvonic endoderm} and at the same time enrichment

of pancreatic cell vpes {e.g pancreatic endoderm and endocnine cells).

{00304} Example 20 — Cell denyity effects RES cell differentiation outcome
{00305] The {oliowing demonstrates that vanations in cell densittes effect

differentiation outcomes within a given media and growth factor condition. The
differentiation efficiency outcomes which result from adjustments in cell density
reflects varying concentrations of endogenously produced signaling molecules and the
concentration  dependent affect of these molecules in mfluencing  cellalar

differentiation.

104

PCT/US2008/082356



10

L0

O]
LA

WO 2010/053472 PCT/US2008/082356
[00306] Human ES cell aggregates and hES-dertved cell aggregates. mcluding

o

d0 cell aggregates prodaced directly m differentiation media, were generated
substantially as deseribed above. After aboul five (3) days of differenttation through
stages 1 and 2, the differentiating cell agerepates were pooled and re-aliquoted into
individeal wells at duferent seeding densities, eg., a 28mL suspension of foregul
endoderm stage cell aggregate suspension was seeded or re-aliguoted at 4, 6, § or
10mb per well (a 2.5-fold range of cell densities). This cell distribution was carried
out in duplicale and one set of wells was fed wuh a siage 3 media
(DMEM/PenStrep/Glutamax + 1% B27 supplement (volivol) + 025 uM KAAD-
cyclopamine + 3 oM TTNPB) comtaming poggin at S0ng/ml. and the other set of
wells contained noggin at 25ng/ml.. Stage 3 proceeded for 3 days with daily media
exchange. Cell samples were taken in duplicate Yor real-time QPCR analvsis at the
end of the three davs of stage 3 (or about dav ¥) and agam at afier stage 4 {or about
dav 14).

{00367] The cell density and noggin concentration used during stage 3 had
different effects on the expression of those genes which are indicative of pancreatic
endoderm progentors andfor endocring progemilors or precursors.  Bretfly, thereis a
linear relationship between increase w cell density and a corresponding increase in
pancreatic progenitor cell tvpes (e.g., pancreatic endodern. pancreatic epithelium,
PDX1-positive pancreatic endoderm)} For example, alier stage 3 (or day 8), an
increase in cefl density had a corresponding increase in the cell numbers of pancreatic
progenttors as indicated by enhanced gene expression of PDX1 and NKX6-1. See
FIG. 24A & 24B. In comtrast, there was an inverse relationship between ncrease in
cell densily and a cosresponding reduction in endocring progenitor cell tvpes afier
stage 4 (or day 14). For example, as the cell density decreased there was reduced
expression of at feast NGN3 and NKX2-2 after stage 3 {or day 8). See FIG 24 &

24D,

{00308] Yet, lower concentrations of noggin (e.¢.. 25 ng/mb) at any given cell
density resulted mn reduced endocrine progenttor cell types as mndicated by reduced
expression of NGN3 and NKX2-2.  See FIG 24C & 24D This cell density

independent effect of noggin in the cell cultures suggests that endogenously produced

Loet
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BMP signals from the cells are antagonized by the exogenously added noggin. The
mpact of endogenouosly produced signals on differentiation ouvtcome 15 likely not
Hinuted to just BMP, but other growth factors and/or agents secreted by the cells into
the mediom can have similar or contrasting effects, alone or i combination with

exogenous growth factors andfor agents.

{00309} Example 21~ Opfimizadon of cell aggregate suspension cultures fo

generate enviched pancreatic endpderm or endocrine cell types

{00310] The cell composition of hES-denived cell aggregate populations s
optimized for certain cell types by controlling the concentration of various growth
factors andfor agents. The pancreatic cell compostiions described herain were hES-
derived cell aggregale suspensions which were made from single cell suspension
cuttures, which were derived from hES cell adherent cultures, d0 cell aggregates (cell
aggregates minated from hES adherent cultures but directly imto a differentiation
media and not a pluripotent stem cell media), or from hES-derived cell adherent
cultures at various stages of differentiation substantially as described 1 the previous
examples. Dunng stage 4, cell agpregates weve exposed to different concentrations of
the factors: NOGGIN (N), KGF (K), FGF 10 (F). and EGF (E}. The cell composition
of the differentiated hES cell aggregates was assessed by flow cvtometry analysis
using a paned of markers meluding CHGA, NKX6. 1, and PDX1. The total percentage
of endocrine cells, pancreatic endoderm cells, PDX1+ endoderm cells, and non~

pancreatic cells in any cell population 1s shown in Table 4

{00311} The data in Table 4 demonsirates that by controlling the concentration
and ratios of certain growth factors, the resulting composition can be optimized for
cevtain cell types. For example. the percentage of pancreatic endoderm type cells was
increased as compared to endocrine type cells by lowering the concentration of KGF
and EGF {e.g., KB and T1% vs. 22.1%).  In contrast, high concentrations of
KGF and EGF and mclusion of Noggm and FGFIO (eg., N{SOFGOKSOHEGW))
decreased the number of pancreatic endoderm type cells, the total number being
comparable 1o that of endocrine type cells (e.g., 39.6% vs. 40.1%). Nopgin and KGF

in higher concentrations (&.g.. N(G3K(30) or not addmg growth factor increased the
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population of endocsine tvpe cells m the resulting population as compared to
pancreatic endoderm cell types. Also, the percentage of non-pancreatic cell types {i.e.
non PRX{~positive type cells) can be signiffcantly reduced by reducing the levels of

o

KGF and EGF {e.g., K(Z5)E(10), 1.51%) or not adding any growih factor {1.53%%).

{00312] Thus, Table 4 clearly demonstrates that at least varving the
concentrations of different growih factors i the culture medium at certain stages of
differentiation (e.g., stage 4) sigmficanlly mcreases and/or decreases certain

populations of pancreatic endoderm, endocrine, PDX1-positive endoderm or non-

pancreatic cell types.

PCT/US2008/082356

Table 4 — The effects of growth factors on cell composition

Endoerine Pancreatic PDX1+ Non-
Endoderm | Endoderm | Pancreatic

. . ] CHGA- CHGA- CHGA-
PO | T s NS | chioar | NIXB.TH | NKXGT- | NKXB 1+/- | Total

: PRX 1+ PDX1+ POXA-
ESC KO 22.1 1.0 3.0 4.0 1001
ESC K{Z5ED) 29.0 &7 1 237 1.a1 1000
Stage 1 Day 0 H{25YE10) 254 G68.9 287 2.1 2.2
 Stage 1 Day § NESOIRK{SOWF{BME{SD 40,1 386 13.30 &.85 29,9
Stage 1Day 0 |[None added £9.4 274 1.46 1.53 92.8
 Stage 1 Day O N{BOKI50) 522 30.4 13.8 3.48 EER
Stage 1 Day 0 K25 (103 388 508 217 822 100.0
Stage 2 Day 5 NSO 42.3 423 12.2 3.20 §2.3
Stage 2 Day § KEZSED) 28.3 58.4 7.36 4.97 100.0

[00313] St other methods east for enriching or purifving for pacticular hES-

dentved cells tvpes as desenbed in US. Application 12/107.020, entitted METHODS
FOR PURIFYING ENDODERM AND PANCREATIC ENDODERM CELLS
DERIVED FROM HES CELLS, filed April 8, 2008, which is herein incorporated in
s entivety by reference. This application describes methods for enriching vanous
hES-cell types inclading all the cell tvpes resulting in each of slages 1, 2, 3, 4 and 5 a5
described m d"Amour et al. 2003 and 2006, supra. The application uses various
antibodies including but not limited to CD30, CD4va, CD4%e, CD35, CDUS, CDY9,
CD 2. CDI165, CD200, CH318, CD334 and CD340
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00314] Methods for enriching the hES-derived cells or cell aggregates are not

fumited 1o methods emploving antibody affimity means, but can include any method
which 1s available to will be well known to one of ordinasy skill in the art that allows
for ennchunent of a certain cell type. Enrichment can be achieved by depleting or

separatimg one cell tvpe from the another cell tvpe or cullure.

{00315] Example 22~ Cell aggregate suspensions of pancreatic endoderm

murnre fa vive aud are responsive 1o insulin

{00316] To demonstrate that the methods for ymasking and manufacturing cell
ageregate suspensions as described herein provides pancreatic progemitor cells which
function in vivo, the above hES-denved cell aggregates m Examples 17-21 (e.g.,
PDX I-positive endoderm, pancreatic endoderm, pancreatic epithelium, endocring
precursoss. endocrine cells, and the like) have been transplanted into animals.
Methods of transplantation into normal and diabetic-induced antmals, determination
of in vivo glucose responsiveness of the animals and therefore msulin production of
the mature transplanied cells m vivo, were performed soubstantially as described in
Kroon et al. (2008} Nature Biotechnology 26{(4) 443-457 and U.S. Application Senal
No. 11/773.944, uted METHODS OF PRODUCING PANCREATIC HORMONES
and filed Julv 3, 2007, which are incorporated herein in their entiveties. Substantially
sitatlar levels of human C-peptide were observed in the sera of these ammals at
similar time periods as indicated in Kroon et al. and U.S. Application Serial No.

LHTT3.944, supra.

{00317} The methods, compositions, and devices descnibed herein are presently
representative of preferred embodiments and are exemplary and are not intended as
Hmitations on the scope of (he mnvention.  Changes, alternatives, modifications and
varmtions therein and other uses will occur to those skilled in the ant which are
encompassed within the spirit of the invention and are defined by the scope of the
disclosure.  Accordingly, it will be apparent to one skilled in the ant that varving
substitutions and modifications may be made to the nvention disclosed herein

without departing from the scope and spirit of the mvention.
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j00318] It 15 appreciated that certain {eatures of the mvention, which are, for
clarity described in the context of the separale embodiments, may also be provided in
combination in a single embodiment. For example, methods for making hES-derived
cell aggrecates in suspension can be generated and optinmzed to produce any
endoderm hineage cell tvpe, eg., a pancreatic lineage tvpe cell, a liver lineage type
cell, an epithelial lineage type cell, a thyroid lineage cell and a thvnus lineage cell,
and therefore is not linuted to the hES-denved cell tvpes specifically described
therein. Conversely, various features of the invention, which are, for brevily,
described in the context of a single embodiment, may also be provided separately or
i any suitable subcombination. For example, it 1s apparent to one skilled m the art
that the described methods for generating hES and hES-derived cell aggregates from
adherent plate cultures or from suspension, from undifferentiated adherent plate
cultures or [rom suapension, and from differentiated adherent plale cultwres or from
cell aggregates in suspension are just exemplary but that a combination of the

methods may also be emploved.

[00319] All publications and patents mentioned in this specification are herein

ncorporated in their entireties by reference.

00320 As used in the claims below and throughout this disclosure, by the
phrase “consizsiing essentially of " 13 meant including any elements listed after the
phrase, and Hmited to other elements that do not interfere with or contribute to the
activily or action specified in the disclosure for the listed elements. Thus, the phrase
“consisting esventially of” indicales thal the listed elements are requured or
mandatory, but that other elements are optional and may or mav not be present

depending upon whether or not they aflect the activity or action of the lisied elements.
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What is claimed is:

i A method of generating a hES-dertved cell ageregate in suspension from a

hES single cell suspension, comprising:

{a) culturing a hES cell in an adherent growth culture condition which

5 allows for expansion in an undifferentiated state;

(I disassociating the adherent hES cell culture in {a} into a hES single cell

suspension celture; and

(d) contacting the hES single cell suspension culture with a differentiating

culture condition wiuch allows for formation of hES-derived cell

10 aggregates in suspension when agitated ovntil such a period of time
when the simngle eell suspension culture forms a hES-denved cell

ageregale in suspension,

- <

therebyv generating a hES-derived cell aggregate in suspension.

The method of claim 1. wherein the hES single cell suspension culture is

)

P,
h

agitated for at feast 30 minutes.

bed

The method of claim 1. wheremn the hES single cell suspension cullure 18
agitated by orbital rotation of the hES single celi suspension culture at 80 rpm

to 160 rpm

4, The method of claim 1, wherem the hES single cell suspension culture is
20 agitated by orbital rolation of the hES single cell suspension culture at 100

pm o 140 rpm.

5. The method of clum 1, wherein a plurality of hES-derived cell aggrepates are
produced 1n suspension and the diameters of the hES-denved cell aggregate in

suspension are essentially uniform in size and shape.

ra
h

& The method of claim 1. wherein the hES-derived cell aggregate 1s an

L3
b =

endoderm lineage-specific cell aggregate.

=

10
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7. The method of claim 6, wherein the endoderm lineage-specific cell aggregate
18 selected from the group consisimg of a pancreatic limeage tvpe cel
aggregate, a liver lineage tvpe cell ageregate. an epithelial hneage type cell

ageregate, a thyvroid lineage cell agpregate and a thymus lineage cell

5 aggrogate
8. The method of claim 6, wherein the endoderm lineage-specific cell aggregate

18 a pancreatic Hineage tvpe cell aggregate.

g, The method of claim 1. wherein the hES-derived cell aggregate is a

o~

multipotent pancreatic  progemitor cell aggregate or an endocrine cell

fe=pey

10 ageregate.

(=]

[£a3
i

16 The method of claim 1, further comprising subsequent to the step of
contacting with the differentiating culture condition, an additional step of
selecing or punifving the desived hES-derived cell aggregate by use of one or

o~

more selectable markers or agents.

15 11 The method of claim 10, wherein the seleciable marker or agent is selecied
from the group consisting of (D30, CD4vs, CD4%, CD35, CD9E, CDYY,
CD142, CD163, CDR06, CD3 18, CD3534 and CD340.

12 The method of clasm 10. wherein the selecting or punifving of the desired hES-

derived cell aggregates s by use of cell-sorting.

-~ foey

201

bad

The method of claim 1, further comprising subsequent to the step of
contacting with the differentiating culture condition, an additional step of
enriching the cubture with low concentrations of growth factors selected from
the group consisting of FGF10, EGF, KGF. noggin and retinoic acid which

allows for enrichment of pancreatic endoderm cells,

i3
A

14, The method of clam 1, further comprising subsequent to the step of
contacting with the differentiating culture condition, an additional step of

enniching the culture with high concentrations of growth factors sefected from

P
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the group consisting of FGF10, EGF, KGF, noggin and retinoic acid which

allows for enrichment of pancreatic endocrine cells.

13, The method of clmm I, further comprising adding to the hES single cell

suspension culture an agent which 1s capable of promoting cell survival,

3 wherain the agent is selected from the group consisting of ¥-27632, fasudil,
F-1132P, and a nuxture comprising insulindransfermdsalenium (JT8S).

16, The method of claim 1, wherein the adherent culture condifion 1s devosd of

substrate or matrix sefected from the group consisting of extracellular matrix,

extracelinlar matrix protein and human or mouse feeder laver.

16 7 The method of claim 1, wherein the adherent growth culture condition is xeno-

free, matnx-freg and feeder-lree.

{8, The method of claim 1, wheremn the first differentiating culturing condition
comprises a TOFbela fanuly member which activates a TGFbeta famuly
member receptor, wherein the TGFbeta fanuly member is selected from the

15 group consisting of Activin A, Activin B, Nodal, GDF-8 and GDF-11,

19 A method of generating a hES-derived cell aggregate m suspension from a

=

hES-derived single cell suspension, compsising:

{a}  cultwring a hES cell in an adherenl growth cubture condition which

alloves for expansion m an undifferentiated state;

20 {hy  contacting the undifferentiated hES cell with a first differentiating
culturing condition suttable lor differentiating the hES cell and

resulting in an adherent hES-derived cell;

(¢} disassociating the adherent hES-derived cell inlo a single cell

suspension celture; and

[
L

{(d) comtacting  the single cell suspension cultiwe with a  second
differentiating culture condition which allows for formation of hES-

derived cell aggregates m suspension when agitated wnill such a period

L
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v

2]
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of time when the single cell suspension culture forms a hES-derived

cell aggregate in suspension,

thereby generating a hES-derived cell aggregale in suspension.

The method of claim 19 wherein the second differenttating culluring
condition comprises a non-TGFbeta fanuly member selected from the group

consisting of FGF 16, EGF, KGF, noggin and retinoic acid.

A method for ennching pancreatic progenitor cells comprising using low
concentrations of growth factors selected from the group consisting of FGF14,

EGF, KGF, noggin and retinoic acid.

A method for enriching endocnne progenitor cells comprising using high
concentrations of growth factors selected from the group consisting of FGF10.

EGF, KGF, noggin and retinoic acid.

A method for enriching pancreatic progenitor cells from a hES cell culiure
comprnising ncreasing the hES cell density culture from which s denved the

pancreatic progeniior.

A method for endching endocrine progenitor cells from a BES cell culiure
comprising decreasing the hES cell density culture from which 15 derived the

pancreatic progeniior.
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